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INTRODUCTION 


The term BLUEPRINT READING, as usedinthis write-in text, 
means interpreting and visualizing drawings whether the drawings 
are actually blueprints or пой. 

BLUEPRINT READING FOR INDUSTRY is a training course 
for those who desire a knowledge of basic blueprint reading, or 
increased knowledge in this area, It is а combination text and 
workbook. The text tells and shows HOW, and the workbook pro- 
vides space for meaningful blueprint reading and sketching activi- 
ties. Variations from standard practices occurring in ёне питег- 
ous actual industry blueprints used in this course, have been ге- 
tained to provide realistic experiences. 

BLUEPRINT READING FOR INDUSTRY, is intended for tech- 
nical school students, apprentices and adult workers. It is in- 
tended also as a self-help course for those who are unable to 


attend classes. 


Walter C. Brown 


CONTENTS 


Part 1 ~ INTRODUCTION. ООО T 

1 Blueprints: The Language of Industry ................ T 

2 How to Read the Steel Rule ..,.................. ES 11 

Part 2 - DRAFTING AND BLUEPRINT 

READING PROCEDURES ТЕО -. = ene 14 

3 The Alphabet of Lines... ...... ПИ сос. 14 

4 Freehand Technical Sketching ..................... 19 

5 Understanding Orthographic Projection Drawings ..... i 2, с 

6 Lettering and Dimensioning Freehand Sketches.......... 34 

Т Auxiliary VIEWS... 4... у с = се го IEEE 49 

8 Detail and Assembly Югаміпаз..................... 53 

9 Review of Shop Mathematics ...................... 62. 

10 Measurement Tools ,.......... ЖҰР... 72 

11 Dimensions and Тоіегапсез....................... 79 

12 Sectional Views 2: ае 227 ТЕРЕ 88 

13 Pictorial бғаміп(е................. ы 98 
Part 3 - TITLE BLOCK, MATERIALS, NOTES 

AND DRAWING CHANGES ................. 77 112 

14 The Title ВЇїосК....... т аня ИРТ. 112 


Contents 


15 List of Materials као. 118 
16 DirawinglNoGtesne а ее 124 
17 The Drawing Change System ~... а ы а аа е аа це еа 130 
Part 4 - МАСНГМ  5РЕСЇЕ|ЄКм 0М5........-2.-.--.---- 138 
18 Thread Representation and Specification .............. 138 
19 Specification and Callouts for Machine Processes ........ 146 
20 Tolerances of Position and Form .......... 253509960 157 
21 Gears, Splines and Serrations ..................... 168 
Part 5 - READING BLUEPRINTS IN SPECIALIZED AREAS ..... 182 
22 Reading Numerical Control Documents ............... 182 
23 Precision Sheet Metal Blueprints ................... 196 
24 Welding Blueprints... ss ee e sce sre оз. ге 2777 204 
25 Instrumentation and Control Diagrams. . .............. 213 
Part 6 - ADVANCED AND ACHIEVEMENT BLUEPRINTS ...... 230 
Advanced Blueprints Activities, .................... 230 
Evaluation Activities 2002222... 311 

Part 7 - APPENDIX Иа... 316 
Glossary оооооооооооооооооовоооооооооооооовсоо 316 
Standard АВВГгемМ( ШОН5..............4...-.г2227Т22 322 
Standard Tables and 5угар015,............ M mS 326 
index улу. a ane e ea о И о 339 


j ‘Ep 7513 
buy ‘одоца Kusnpuj '|-| “бі 

Buieog 40 dnosb buiieeuibu3 

Би! ѕѕпэѕір Аирашо 1 

"Бигмоар [p31uQ294 о би! 


Reo 


ар 


РАВТ 1 
INTRODUCTION 


Unit 1 
Blueprints: The 
Language of Industry 


You have heard the saying, "А picture 
is worth a thousand words." This is cer- 
tainly true when referring to a drawing of 
an industrial product. 


It would be next to impossible for ап 
engineer or designer to describe in words 
the shape, size and relationship of the var- 
ious parts of a machine insufficient detail 
for a skilled workman to produce the ob- 
ject. Drawings are the universal language 
used by engineers, designers, technicians, 
also skilled craftsmen to communicate 
quickly and accurately the necessary in- 
formation to fabricate, assemble апа зег- 
vice industrial products. See Fig. 1-1. 


The original drawing is seldom used in 
the plant or field but copies, commonly 
called "blueprints," are made and distrib- 
uted to those who need them. 


What is a Blueprint? 


A BLUEPRINT is a COPY of aDRAW- 
ING which tells the mechanic or technician 
who can read it, what the object will look 
like when it is completed, Regardless of 
the color, the terms 'drawing," "print" 
and "blueprint" mean the same thing when 
referring to copies of engineering draw- 
ings. Blueprints provide workmen with the 


details of size and shape description, tol- 
erances (allowable variation) to be held, 
materials used, finish and other special 
treatment. 


How Prints are Made 


The original drawing, called a "trac- 
ing," is usually made on atransparent pa- 
per or polyester film. The tracing is placed 
over a sheet of sensitized paper and ex- 
posed to ultraviolet light, Fig. 1-2. The ex- 
posed paper then goes through a develop- 
ing process and becomes a print. 


Fig. 1-2. A print making machine. 


(Blu-Ray, Inc.) 
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PLAN DRAWINGS 


RIGHT SIDE 


Fig. 1-3. Blueprint drawings show the size and shape of objects by means of a number of views. Each view shows 
how the object appears from a different location. On a blueprint, the views are arranged systematically so you can 
mentally connect them together to form an imaginary picture of the part or product. 


The process of making blueprints used 
for many years producedaprint with white 
lines on a blue background, hence the term 
blueprint, Today, numerous processes are 
used for making prints - - blue, black or 
maroon lines with white background; white 
lines on a dark brown background (Van- 
dyke); and photo-copy prints with black 
lines on a white background. Tracings are 
sometimes photographed on microfilm for 
storage purposes andthen, by means of en- 
largement, prints are made from these. 


Reading a Blueprint 


Blueprint reading is securing informa- 
tion from a blueprint, This involves two 
principal elements - - visualization and in- 
terpretation. 


Visualization is the ability to "see" or 
envision the size and shape of the object 
from blueprint drawings which show vari- 
ous views. A study of drafting principles, 


and learning to do freehand sketching, as 
presented in this text willhelp you gainthe 
ability to visualize objects from the views 
shown. See Figs. 1-3 and 1-4, 


The ability to interpret lines, symbols, 
dimensions, notes and other information on 
the print is also an important factor in 
blueprint reading. These factors will be 
presented to you in a logical order in this 
text along with actual industrial prints to 
help you learn to read blueprints used in 
industry today. 


Care of Blueprints 


Blueprints are valuable records and, 
with proper care,can be used many times, 
Rules you should observe are: 

1. Never write on a print unless you 
have been authorized to make plan changes. 

2. Keep prints clean and free of oil and 
dirt. Soiled prints are difficult to read and 
contribute to errors. 


Blueprints - The Industrial Language 


3. Fold and unfold prints carefully to 
avoid tearing. 

4, Do not lay sharp tools, machine 
parts or similar objects on prints. 


Blueprints should be folded with the 
print number showing, Fig. 1-5. Blueprints 
are usually stored in a filing cabinet ina 
Blueprint Control Area and are issued by 
signing a ''charge-out'' сага. In most orga- 
nizations rigid control is maintained over 
all prints. 


Importance of Blueprint Reading 


The blueprint is the primary means of 
communication in industrial work, Many 
industrial products such as automobiles 
and aircraft consist of thousands of com- 
ponent parts, which may be manufactured 


TOP VIEW 


FRONT VIEW 


LEFT VIEW 


BOTTOM VIEW 


Fig. 1-5. Folding a blueprint with the title block and 
print number showing. 


А 


UNIT и 
дар 


! \ 


REAR VIEW 


RIGHT VIEW 


Fig. 1-4. To understand how plan views, as in Fig. 1-3, are obtained, visualize a clown's head to be enclosed in 

a glass box. You are on the outside looking in, and shift your position and your line of sight around the box to 

obtain the various views. Since the box has six sides, six views could be obtained and used if required to provide 
complete details. 
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in widely separated factories. The ''mo- 
ment of truth" іп the manufacture of these 
products comes when the parts are placed 
in the final assembly, or a spare part is 
shipped for installation in the field. These 
parts must fit. This requires workmen who 
can read and understand blueprints used in 
modern industry. 


In addition to developing the ability to 
read blueprints, the ability to sketch in- | 
dustrial objects will be helpful to youinin- 
dustrial work. This text is designedtoas- | 
sist you in reading blueprints and sketch- | 
ing your ideas and solutions to industrial | 
problems. These two factors are important 
to your progress in industrial work. 


Blueprint Reading Activity 1-BPR-1 
INDUSTRIAL BLUEPRINTS 


1. Study the GLOSSARY OF TERMS 
page 316 and COMMON ABBREVIATIONS 
page 322 to become familiar with these and 
their location for future reference. 

2. Look over a few of the blueprints in 
this text to gain an idea of the nature of 
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industrial blueprints. 

3. Be prepared to tell about any ex- 
perience you have had in using blueprints 
at home, school or at work, 

4. How many different kinds of prints 
have you seen or used? Describe these. 


Unit 2 
How to Read 
The Steel Rule 


While proceeding with this course on BLUEPRINT READING, it is important that 
you have a 6-inch steel rule and be able to read the divided graduations in 64ths (frac- 
tional) and 100ths (decimal) of an inch. 


In Fig. 2-1, an enlarged portion of a rule is shown with one edge divided into the 
common fractional parts of 64 to theinchand the other edge with 100 parts to the inch. 


ОГО 43 
и? 3 4 5 6 7 В 9 | 2 3 4 5 6 7 8 9 | 
100 2 
64 | 
8 16 24 32 40 48 56 8 16 24 32 40 48 56 8 
| 
ТӨЗІП U 3 15 
64 16 8 4 16 


Fig. 2-1. Drawing which shows steel rule graduations (enlarged and with both fractional and decimal graduations 
starting at same end of rule for ease of reading). 


F ractional Rule 


The 64 on the end of the rule means the inch is divided into 64 parts and that each 
small division 18 1/64 of an inch in size. To read the fractional rule, start with the 
edge divided into 64ths and follow these steps: 

1. Study the major divisions of the inch numbered 8, 16, 24, etc. These represent 
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64/64ths or 1 inch. There are eight of these major divisions; therefore, each one is 
equal to 1/8 of an inch. 

2. Note that there are 8 small divisions in each major division. Each small divi- 
sion equals 1/64 of an inch (1/8 x 1/8 = 1/64). If each small division is 1/64 inch in 
size, then the fourth line (next in length to the lines numbered 8, 16, etc.) represents 
4/64 or 1/16 inch. 

3. Further study and application of fractional parts will enable you to locate any 
common fraction which is a multiple of 64ths such as 


48. За a S 
(эл ойлт О 


Measurement Activity 2-BPR-1 
READING THE FRACTIONAL RULE 


Complete the readings called for in the activity below. Reduce your answers to the 
lowest terms and place in the spaces provided. 


| 2 
64 


8 16 24 32 40 48 56 8 (6 24 32 40 48 56 8 


А B C D E Е б H 


— << дм eee а ЕЕЕ 


Fig. 2-BPR-1. Reading the fractional rule. 


Decimal Rule 


The 100 on the end of the rule, Fig. 2-1, means the inch is divided into 100 parts 
and that each small division is 1/100 (.01) of an inch in size. To read the decimal rule 
divided into 100ths of an inch, follow these steps: 

1. Study the major divisions which are divided into tenths of an inch: 1/10, 2/10, 
3/10- - - on to the 1 inch mark which represents 10/10 or 1 inch. 

2. Each major division of 1/10 inch also represents 10/100ths (.10) of an inch; 
therefore, these major divisions may be read .20, .30, .40 etc. 

3. To get à measurement of .43, start at the major division marked 4 and count 
three additional lines, or small divisions, beyond and this mark represents .43 inch. 


Measurement Activity 2-BPR -2 
READING THE DECIMAL RULE 


Complete the readings called for in the activity on the top of page 13. Place your 
answers in the spaces provided. 
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Fig. 2-BPR -2. Reading the decimal rule. 


Metric Rule 


Metric rules are used in conjunction with blueprints on which the dimensions are 
given in centimetres and millimetres. A metric rule is shown in Fig. 2-2 and it is read in 
the same manner as the fractional and decimal rules. 


НІ ў 


ІШІ 
E PI et cr PI OL 6 S 4 9 GC р 9 (6 Там 


a No. M600 МА ап TEMPERED MADE IN U.S.A. 


Ev: 2 3 4 5 6 7 ША 10 11 12 13 № 
| | 


Fig. 2-2. Metric rule. (L. S. Starrett Co.) 


When metric dimensions are given on blueprints used in the metalworking industries, 
they are usually given in millimetres (see blueprint on page 236). Conversion tables for 
millimetres and inches are shown on page 326. 


Measurement Activity 2-BPR -3 
READING THE METRIC RULE 


Complete the readings called for in the activity below. Place your answers in the 
spaces provided. 


JUL 
EU ет ет II оп 6 S Ji 9 G р Баща 


No. M600 MESA TEMPERED MADE IN U.S.A, 


"1 2 9 10 11 12 13 1 


Fig. 2-BPR-3. Reading the metric rule. 
13 


PART 2 
DRAFTING AND BLUEPRINT 
READING PROCEDURES 


Unit 3 
The Alphabet of Lines 


In engineering type drawings 10 kinds 
of lines are commonly used. Each has a 
particular meaning to the engineer, the de- 
signer and the drafter. The skilled mechan- 
ic and technician must recognize and un- 
derstand the meaning of these lines in 
order to correctly interpret the blueprint 
in manufacturing or servicing a part or 
assembly. 


These lines, known as the ALPHABET 
OF LINES, are universally used through- 
out industry. Each line has a definite form 
and weight (width - - thick, medium or thin) 
and when combined in a drawing they con- 
vey information essential to understanding 
the blueprint. 


Therefore, to understand the blueprint 
you must know and understand the alpha- 
bet of lines. The following lines make up the 
alphabet: 


THICK 


1. Visible Line. 
The visible line is a thick, continuous line 
that represents all edges and surfaces of 
an object that are visible in the view, Fig. 
3-1. 
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ГШ VISIBLE LINES 


HIDDEN 
LINES 


Fig. 3-1. Visible and hidden lines. 


MEDIUM 


2. Hidden Line. 
Hidden lines are medium weight, 


short 
dashes used to show edges, surfaces and 
corners which are not visible in a particu- 
lar view, Fig. 3-1. They are used when their 
presence helps to clarify a drawing and 
are sometimes omitted when the drawing 
seems to be clearer without them. 


THIN 


3. Section Line. 
Section lines are thin lines usually drawn 
at an angle of 45 degrees. They indicate 


\= 
WHOS 


\ 


2 | И 


Fig. 3-2. Sectional view. 


the cut surface of an object in a sectional 
view. The section lining for cast iron is 
shown, Fig. 3-2. This type of sectionlining 
is commonly used for other materials in 
section unless the draftsman or designer 
wants to indicate the specific material in 
section. See symbols for other materials 
on page 329. 


THIN 


4. Center Line. 
Center lines are thin lines used to desig- 
nate centers ofholes, arcs, and symmetri- 
cal objects, Fig. 3-3(a). On some drawings, 


only one side of a part is drawn and the 
letters SYM are addedto indicate the other 
side is identical in dimension and shape, 
Fig. 3-3(b). Center lines are also used to 
indicate paths of motion, Fig. 3-7 (a). 


THIN 


5. Dimension Line. 
6. Extension Line. 


7. Leader. 


Dimension and extension lines are thin 
lines used to indicate the extent and direc- 
tion of dimensions of parts. Dimension 
lines are usually terminated by arrow- 
heads against extension lines, Fig. 3-4. 


Leaders arealsothinlines and are used 
to indicate the drawing area to which adi- 
mension note applies, Fig. 3-4. 


Fig. 3-3. Center lines and symmetrical center line. 


Биг 


DIMENSION LINE 


EXTENSION LINE 


gab ee 


Fig. 3-4. Lines used in dimensioning. 
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8. Cutting Plane Line 
ог 

Viewing Plane Line 
Sometimes it is hardly possible toindicate 
clearly on the regular views of a drawing 
the external or internal shape of а раг ог 
assembly. The cutting plane or viewing 
plane line is a thick broken line (two forms 
approved) located at the point where we 
"mentally" cut through the part in question 
and show what is exposed by the cutting 


22771 А 
2 й 
2-5 яв 


SECTION A-A 
b 


Fig. 3-5. Cutting plane line and section. 
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plane. See Fig. 3-5(a). A separate view is 
drawn at this plane and is called a section, 
Fig. 3-5(b). The cutting plane line termi- 
nates in а short line at 90 degrees to the 
cutting plane with arrowheads in the di- 
rection of sight for viewing the section. 
Letters are used to indicate the section. 


9. Break Lines. 
There are three types of break lines used 
in drawings, all of which are for the pur- 
pose of breaking out sections for clarityor | 
shortening parts of objects which are con- 
stant in detail and would be too long to place 
on the drawing. When the parttobebroken 


THICK 


Lc эн 


шиг. 


SHORT BREAK 


LONG BREAK 
b 


THICK 


аша 


CYLINDRICAL 
BREAK 
с 


Fig. 3-6. Break lines and their uses. 


requires a short line, the thick, wavy short 
break line is used, Fig. 3-6(a). If the part 
to be broken is longer, the draftsman may 
use the thin long break line, Fig. 3-6(b). In 
round stock such as shafts or pipe, the 
thick "S" break is used, Fig. 3-6(c). 


The Alphabet of Lines 


THIN 
10. Phantom Line. 
Phantom lines are thin lines composed of 
long dashes alternating with pairs of short 
dashes. These are used primarily for three 
purposes in drawings. To indicate: (1) Al- 
ternate positions of moving parts such as 


EXISTING COLUMN 


— — 


E= 


eal) 


a b 


NEW GIRDER 


a machine arm, Fig. 3-7(a); (2) Adjacent 
positions of related parts such as an ex- 
isting column, Fig. 3-7(b); and, (3) Re- 
peated detail, Fig. 3-7(c). They may also 
be used to indicate datum (line, point or 
surface from which dimensions are mea- 
sured) lines and wing and fuselage stations 
in aircraft blueprint reading. 


Fig. 3-7. Phantom line uses. 
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Line Activity 3-BPR-1 
ALPHABET OF LINES 


Draw freehand, in spaces provided below, the various lines used in blueprints. Be 
sure to pay close attention to the FORM and WEIGHT of each line. 


Example: 
1. Visible Line. 
2, Hidden Line. 
3. Section Line. 
4. Center Line. 
5. Dimension Line. 
6. Extension Line. 
7. Leader. 
8. Cutting Plane Line. 
9. Break Lines. 
a. 
b. 
С. 


10. Phantom Line, 
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Unit 4 
Freehand Technical Sketching 


Freehand technical sketching is a pro- 
cess used by mechanics, technicians and 
draftsmen to convey ideas quickly con- 
cerning mechanical parts, assemblies and 
electrical diagrams. Most ideas of a me- 
chanical or design nature find theirinitial 
expression in the form of sketches. 


You will find that the ability to do free- 
hand sketching will be very helpful to you 
in learning to read and interpret blue- 
prints. 


Sharpen your pencil to a conical point 
for sketching as shown in Fig. 4-1. 


Several types of papers are suitable 
for sketching, including plain note paper 
and cross section paper. In applying the 
sketching techniques discussed in this text, 
plain paper without ruling is to be used. 


When you have developed the basic tech-. 


niques of sketching on plain paper, you 
will have no difficulty using cross section 


paper. 


МА 


SHARP POINT - THIN LINES 


Sketching Technique 


The manner in which the pencil is held 
in freehand sketching is important. It 
should be held with a grip firm enough to 


E 


Fig. 4-2. Holding pencil for sketching. 


control the strokes but not so tight as to 
stiffen your movements. Your arm and 
hand should have a free and easy move- 
ment. The point of the pencil should ex- 
tend approximately 1-1/2 inches beyond 
your fingertips, Fig. 4-2. 


a та 


ROUNDED POINT - THICK LINES 


Fig. 4-1. Pencil points for sketching. 
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Rotate your pencil slightly between 
strokes to maintain the point. Initial lines 
should be firm and light but not fuzzy. 
Avoid making grooves in your paper caused 
by using too much pressure. In sketching 
straight lines, the eye should be on the 
point at which the line is to terminate and 
a series of short strokes (lines) made, 
rather than one continuous stroke, Fig. 
4-3. 


TERMINAL 
POINT 
» 


MN a 


HERE 


Fig. 4-3. Sketching straight lines. 


Sketching Horizontal Lines 


Horizontal lines are sketched with a 
movement of the forearm approximately 
perpendicular to the line being sketched, 
Fig. 4-4. 


Fig. 4-4. Position for sketching horizontal lines. 
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а LOCATE END POINTS an 


OF LINE 
А POSITION ARM 
FOR TRIAL MOVEMENT 
с и . 
SKETCH SHORT "o 
LIGHT LINES EYE ИШЕ 
POINT 
d е 
DARKEN LINE p _ 
EYE THIS 


POINT 


Fig. 4-5. Steps in sketching horizontal lines. 


Four steps are essential inthe sketch- 
ing of horizontal lines: 

1. Locate and mark the end point of 
line to be sketched, Fig. 4-5(a). 

2. Position the arm by making trial 
movements from left to right (left-hand- 
ers, from right to left) without marking 
the paper, Fig. 4-5(b). 

3. Sketch short, light lines between the 
points, Fig. 4-5(c). Keep your eye on the 
point where the line is to end. 

4. Darken the line to form one con- 
tinuous line of uniform weight. The eye 
should lead the pencil along the lightly 
sketched line, Fig. 4-5(d). 


Sketching Assignment 


Turn to page 25 and sketch the series of 
horizontal lines calledforinSketching As- 
signment 4-BPR-1. Follow the suggested 
steps of procedure closely and work for 
improvement with each line. 


Sketching Vertical Lines 


Vertical lines are sketched from top 
to bottom by using the same short strokes 
in series as for horizontal lines. When 


F reehand T echnical Sketching 


making the strokes, position your arm 
comfortably at approximately 15 deg. with 
the vertical line, Fig. 4-6. A finger and 


Fig. 4-6. Position for sketching vertical lines. Paper may 
be rotated slightly counterclockwise for greater ease. 


wrist movement together with a pulling 
arm movement are bestforsketching ver- 
tical lines. 


These four steps should be used in 
Sketching vertical lines: 

1. Locate and mark the end points of 
the line to be sketched, Fig. 4-7(a). 

2. Position the arm by making trial 
movements from top to bottom without 
marking the paper, Fig. 4-7(b). 

3. Sketch short, light lines between the 
points, Fig. 4-7(c). KEEP YOUR EYE ОМ 
THE POINT WHERE LINE IS TO END. 

4, Darken the line toform one continu- 
ous line of uniform weight. In this step, 
the eye should lead the pencil along the 
lightly sketched line, Fig. 4-7(d). 


You may find it easier to sketch hori- 
zontal and vertical lines ifthe paper is ro- 
tated slightly counterclockwise, Fig. 4-6. 


Sketching Assignment 


Turn to page 25 and sketchthe series of 
vertical lines called for in Sketching As- 


el 


POSITION SKETCH 
ARM FOR SHORT DARKEN 
TRIAL LIGHT LINE 
MOVEMENT. LINES 
LOCATE END 
POINTS zyl 
TAIS 
POINT 
ВИЕ 
THIS 
URN 
a b с 4 


Fig. 4-7. Steps in sketching vertical lines. 


signment 4-BPR-2. Follow the suggested 
steps closely and work for improvement 
with each line. 


Sketching Inclined Lines and Angles 


All straight lines which are neither 
horizontal nor vertical are called IN- 
CLINED LINES. The inclined lines are 
usually sketched between two points or at 
a designated angle. The same strokes and 
techniques used for sketching horizontal 
and vertical lines are used for inclined 
lines or angles, depending on their posi- 
tion. The paper may be rotated to sketch 


(5 " 


909 


wa REQUIRED 
30° ANGLE 


Fig. 4-8. Estimating angle sizes in sketching. 
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ТЕАИ о GF 
DESIRED 


a 


с d e 


Fig. 4-9. Steps in sketching an arc. 


these lines as horizontal or vertical lines 
if preferred. 


Angles may be estimated quite closely 
by first sketching a right angle (90 deg.) 
and then subdividing its arc to get the de- 
sired angle. Fig. 4-8 illustrates how this 
is done to get an angle of 30 deg. 


Sketching Assignment 


Turn to page 26 and sketch the angles 
in Sketching Assignment 4-BPR-3. 


Sketching Arcs, Circles and Ellipses 


There are several methods of sketch- 
ing arcs and circles but the one which is 
usually most satisfactory for sketching is 
the triangle-square method. 


To SKETCH AN ARC connecting two 


straight lines, follow these steps: 

1. Project the two lines until they in- 
tersect, Fig. 4-9(a). 

2. Lay out desired arc radius from the 
point of the intersecting lines, Fig. 4-9(b). 

3. Form a triangle by connecting these 
two points and locate the center point of 
the triangle, Fig. 4-9(c). 

4. Sketch short, light strokes from 
point where arc is to start on verticalline 
through center point to point on horizontal 
line where arc ends, Fig. 4-9(д). 

5. Darken the line to form опе contin- 
uous arc which should join smoothly with 
each straight line and erase construction 
lines, Fig. 4-9(e). 


To SKETCH A CIRCLE of acertain di- 
ameter, follow these steps: 

1. Locate the center of the circle and 
Sketch the center lines; lay off halfthe di- 
ameter on each side of the twodiameters, 


танка 


Fig. 4-10. Steps in sketching a circle. 


F reehand T echnical Sketching 


Fig. 4-10(a). 

2. Sketch a square lightly at the diam- 
eter ends, Fig. 4-10(b). 

3. Across eachcorner, sketch diagonal 
line forming a triangle and locate center 
point of each triangle, Fig. 4-10(c). 

4. Sketch short, light strokes through 
each quarter of the circle making sure the 
arc passes through the triangle center 
point and joins smoothly with the square 
at the diameter ends, Fig. 4-10(d). 

5. Darken the line to form a smooth, 
well-formed circle anderase construction 
lines, Fig. 4-10(е). 


Sketching Assignment 


Turn to page 27 and sketch the arcs 
and circles called for in Sketching Assign- 
ment 4-ВРВ-4. Follow Ше steps suggested 
above for sketching arcs andcircles. 


То SKETCH AN ELLIPSE of а certain 
major and minor axis, follow these steps: 

i. Locate center of ellipse and sketch 
center lines, Fig. 4-11(a). 

2. Lay off major axis of ellipse on hor- 
izontal center line and minor axis onver- 
tical center line, Fig. 4-11(b). 

3. Sketch rectangle through points on 
axis, Бір, 4-11(с); 

4. Sketch tangent arcs at points where 
center lines cross rectangle, Fig. 4-11 (d). 

5. Complete the ellipse and darken, 
then erase the construction lines, Fig. 


4-11 (е). 


TER 


С 


Proportion іп Sketching 


Proportion in sketching is the relation- 
ship of the size of one part to another and 
to the object as a whole. The width, height 
and depth of your sketch must be kept in 
the same proportion so the sketch conveys 
an accurate description of the objectbeing 
sketched. 


3 UNITS 


5 UNITS 


Fig. 4-12. Unit method of proportioning. 


One technique useful іп estimating pro- 
portions is the UNIT method. This involves 
establishing a relationship between mea- 
surements on the object by breaking each 
of the measurements into units. Compare 
the width to the height and select a unit 
that will fit each measurement, Fig. 4-12. 
Lengths laid off on your sketch should be 
in the same proportion although the units 
on the sketch may vary in size fromthose 
of the actual object. 


Proportion is a matter of estimating 


ЕНЕНЮР 


Fig. 4-11. Steps т sketching an ellipse. 
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lengths on a part or assembly and setting 
these down on your sketch in the same 
ratio of units, Practicing this method of 
establishing proportion in sketches will 
assist you in developing skill in accurately 
representing objects you sketch. Actual 
measurement of an object would of course 
be necessary if your sketch is to convey 
actual size dimensions. 


609] (ЮМ 


a 


b 


Aids to Freehand Sketching 


Several aids tofreehand sketching have 
been mentioned in this unit, such ascross 
section paper for making your sketches 
and enclosing squares and rectangles for 
drawing circles and ellipses. There are 
other aids such as using a piece of folded 
paper, cardboard or 6-inch rule for a 


«»єз 


Fig. 4-13. Steps in sketching an object. 


Steps in Sketching an Object 


The following steps will help you in 
laying out and completing your freehand 
sketches: 

1. Sketch a rectangle, square, etc., of 
the correct proportion, Fig. 4-13(a). 

2. Sketch major subdivisions and de- 
tails of the object, Fig. 4-13(b). 

3. Remove unnecessary lines with a 
soft eraser, Fig. 4-13(c). 

4. Darken lines to right weight, Fig. 
4-13(d). 
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straightedge, andascrap of paper for mea- 
suring proportion or іп laying off Ше radius 
of a circle. 


The aim in freehand sketching, how- 
ever, should be to develop your skill toa 
point where aids will no longer.be neces- 
sary. Sketching is а means for Ше me- 
chanic or technician to quickly and effec- 
tively communicate the shape and size de- 
Scriptions of an object to another person; 
or, to record information in the field for 
his own use at a later time. 


==. 


N' 


F reehand Technical Sketching 


Sketching Assignment 4-BPR -1 
HORIZONTAL LINES 


АВ 


(СУ [р 


Fig. 4-BPR-1. Sketch horizontal lines between points А-А” through J—J’. 


Sketching Assignment 4-BPR -2 
VERTICAL LINES 


0 р 0 R 


о! Р! o R' 
Fig. 4-BPR-2. Sketch vertical lines between points К-К’ through T-T'. 
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Sketching Assignment 4-BPR -3 


Fig. 4-BPR-3. Sketch the required angles starting at the indicated point. 
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F reehand Technical Sketching 


Sketching Assignment 4-BPR -4 
АКС5 AND CIRCLES 


A E С 

D E F 

6 H | 
+ + ЗГ 


Fig. 4-BPR-4. Sketch arcs joining the sets of lines А through Е. Show construction lines for А through C. Erase 
construction lines for D through F. Sketch circles G through L. Show construction lines for circles G through 1. 
Erase construction lines for J through L. 
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Sketching Assignment 4-BPR -5 
САЗКЕТ 


. Sketch the gasket in the space below, 


. Estimate the proportions. Do not mea- 
sure nor dimension sketch. 


. Date the sketch and sign your пате. 


ТЕ == 8 


САЅКЕТ 


DATE YOUR NAME 


Sketching Assignment 4-BPR -6 
BASE PLATE 


. Sketch the base plate in the space be- 
low. 


. Estimate the proportions. Do not mea- 


sure nor dimension the sketch. 


. Date the sketch and sign your name. 


DATE 


BASE PLATE 


YOUR NAME 


Blueprint Reading for Industry 


Industry photo. Machining in a turret lathe. (Sheldon Machine Co., Inc.) 
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Unit 5 
Understanding Orthographic 
Projection Drawings 


The purpose of a drawing is to show 
the size and shape of the object and to 
provide certain information on how itis 
to be made. Various methods are available 
to the draftsman, but the best way toshow 
every feature of the object in its true size 
and shape is to use a multiview ortho- 
graphic (ortho-graf-ick) projection draw- 
ing. 


The different views on an orthographic 
projection drawing are arranged in asys- 


tematic way so the plan user may mental- 
ly connect them together, thus forming a 
mental picture, Fig. 5-1. 


Projection of Views 


The draftsman's job 15 one of dividing" 
or separating the views of an object soits 
size and shape may be clearly shown. The 
skilled mechanic or technician reading the 
blueprint must be able to visualize (form 
a mental picture) the object as a whole - - 


Fig. 5-1. Forming a mental picture of an object from an orthographic projection drawing. 
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| 
| ALTERNATE | N 


| REAR 2 
(= 2] 


Fig. 5-2. Projection of orthographic views shown Бу unfolded box. 


that is, mentally put the views "back to- 
gether." Understanding how the draftsman 
projects and arranges the views will help 
you later in the visualization process. 


The views of an orthographic drawing 
are projected at right angles (90 deg.) to 
each other and have a definite relationship. 
This can best be visualized by cutting and 
unfolding a cardboard box, Fig. 5-2. 


The front view has remained in posi- 
tion, The four adjoining views have re- 
volved on their "hinges" 90 deg. from the 
adjoining view; the top - up, bottom - down, 
right side - right, and the left side - left. 


The rear view, which is possible to have . 


been shown in three alternate positions, 
is to the far side of the left-side view and 
was revolved 90 deg. with that view to be 
in the same plane, Fig. 5-2. 


Let us now imagine our box is a'"'glass 
box" and we have an object inside the box 
for which we want to project the views, 
Fig. 5-3(a). Imaginary projectionlines are 
used to bring the separate views to each 
projection plane, Fig. 5-3(b). If we further 
visualize the unfolding of the glass box, 
the six views are shown in their true size 


3e 


and shape in orthographic projection, Fig. 
5-3(с). 


After you have fixed in your mind the 
method of projecting orthographic views, 
you will be able to visualize the views in 
their proper position by viewingthe object 
directly, as the draftsman does, without 
the imaginary "glass box," Fig. 5-4. 


Selection of Views 


The draftsman draws only those views 
that ARE NECESSARY to clearly describe 
the object. This seldom requires all six 
views. Usually, the necessary details can 
be shown in three views or less. The fol- 
lowing rules, used in combination, guide 
him in the selection of views: 

1. Only those views which clearly de- 
scribe the shape of the object should be 
drawn. 

2. Views which show the least hidden 
lines should be selected, Compare the two 
Side views in Fig. 5-3(c). 

3. When possible, the object is drawn 
in its functioning (operating) position. 

4. When possible, the view that best 
describes the shape of the object is se- 
lected as the front view. 


Understanding Orthographic Projection Drawings 


Fig. 5-3. "Glass Box” used to show views іп orthographic projection. 


33 


Fig. 5-4. Visualizing the views in orthographic projection. 


Visualization of Objects of a drawing will help you in the process 
of visualizing the views as a "whole" апа, 


The preceding description of how the therefore, better understanding the object 
draftsman selects and projects the views shown on the blueprint. 


Letters A-J Points or Corners 
Numbers 1-5 Lines 
Letters V-Z Surfaces 


Fig. 5-5. Point, line and surface identification in orthographic projection. 
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Fig. 5-6. Visualizing an object from ап orthographic projection. 


You may also find the system of identi- 
fication of point, line and surface helpfulin 
the visualization process. This system is 
described in Fig. 5-5. Letters A thru J 
have been assigned to points or corners of 
the object; numbers 1 thru 5 to lines; and, 
letters V thru Z to surfaces. 


By comparing the top, front and right 
side views with the pictorial view, points, 
lines and surfaces can easily be identified 
in the various views. For example, sur- 
face X in the front view is represented by 
line 5 in the top view. Point A in the front 
view represents line 1 in the top view; line 
2 in the side view represents surface Vin 
the top view. Points E, F and H in the top 
view are behind points A, B and D in the 
front view, but F and H appear in the side 
view as does J, Fig. 5-5. 


Can you identify which line in the front 
view represents surface W in Fig. 5-5? 
Surface W is represented by which line in 
the side view? If you answered line 5 for 
the front view and line 3 for Ше side view, 
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you answered correctly. 


Projection lines have been drawn in 
Fig. 5-5 to illustrate how the views are 
projected from each other. These lines 
usually do not appear onthe finished draw- 
ing. 


Visualization Rules 


In studying an orthographic projection 
drawing, certain rules of procedure will 
be helpful in visualizing an object: 

1. Scan briefly all views shown, Fig. 
9-5. 

2. Study carefully the front view for 
shape description. 

3. Move from the front view to the other 
views and look for lines that describe the 
intersections of surfaces (line X in the top 
view, Fig. 5-6), the limits of asurface (line 
Y in side view) or the edge view of a sur- 
face (line Z, top view). 

4, Study one feature at a time in the 
several views and begin to picture in your 
mind the shape of the real object. 


1. 


2. 
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Blueprint Reading Activity 5-BPR-1 
IDENTIFICATION OF LINES AND SURFACES 


JOURNAL 


1 


VALVE BRK'T. 


Fig. 5-ВРЕ-1. Study the pictorial drawing in each section and 
identify the information called for in the questions below. 


Which line in the top view represents 
surface W in the pictorial view? 

Line 4 represents which surface in the 
pictorial view? 

The lower limit of surface Y in the top 
view is represented by whichline inthe 
side view? 


. Surface Z is represented by which line 


in the front view? 
Lines 7 and 8 represent which surface? 


. Line 6 extends between which two 


points ? 
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1. 


Line 2 front view represents which line 
in top view? 


. Surface Z represents which line in the 


top view? 

Line 3 represents which surface? 
Line 5 represents which surface? 
Line 6 represents which line in front 
view? 

Line 8 represents which surface? 
Line 7 represents which line in the top 
view? 


Blueprint Reading Activity 5-BPR-2 
MATCHING VIEWS 


5 A 6 


Fig. 5-BPR-2. Study the pictorial views and match each orthographic drawing with its pictorial drawing by insert- 
ing the correct letter in the space provided. 
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Blueprint Reading Activity 5-BPR-3 
SKETCHING MISSING LiNES 


Fig. 5-BPR-3. Sketch the missing lines in the following orthographic projection drawings. Use the sketching 
technique studied in Unit 4. 
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Blueprint Reading Activity 5-BPR-4 
SKETCHING ORTHOGRAPHIC VIEWS 


MODULATOR PIN ANGLE 


SHORTED PEATE LOCKING PIN 


Fig. 5-BPR-4. Sketch the necessary orthographic projection views of the following objects. Select the views 
carefully and sketch only the views required to fully describe the object. 
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Blueprint Reading Activity 5-BPR-5 
CHILL. BAR 


Fig. 5-BPR-5. Study the blueprint and answer the questions by placing your answers in the spaces provided. Ап 
example of a correct response is given in each set of answers. 


1, Dimensions for: Г АКБ ЛЕ Б Ee 
р Е Е 
G 
2. Name orthographic projection views: 22 X тор Y Z 
3. Identify surfaces in the orthographic 22 ls X M N 
projection represented by the following O 
letters in the pictorial view: 
4. Тор Front В. Side 
4, Identify, in the other views, the line or a. X У = 
surface represented by the letters giv- b. ag 
en, Place your response on the same ёс 2 
line under the appropriate view. d. G 
5, Identification of kinds of lines: ОР” ЫГ 4 MENS 
1 F 
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Blueprint Reading Activity 5-BPR -6 
PISTON 


Fig. 5-BPR-6. Study the blueprint and answer the following questions. 


]. Name the views represented by: Пе У үү 
2. What kinds of lines are: 22 5 R 
о line Т represents: 3. а. In the top view 


b. In the right side view 


4. Give the following dimensions: 4, а, Length-front view 
b. Depth of groove X 
c. Dimension Q 
d. Dimension P 

5. Line U represents: 5. a. In the top view 


b. In the pictorial view 
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Blueprint Reading Activity 5-BPR-7 
BOTTOM CAP 


. Name the views D and G. 


. Surface D is represented by what let- 
ter in the other view? 

. What is the length, width and heighth of 
the part? 

. What is the hole diameter formed by the 
Bottom Cap and adjoining member? 

. Two holes are drilled through the part. 
What is the diameter of these holes? 


. The same two holes are counterbored 


to what diameter and depth? 
. Kinds of lines represented by: 


. What is the distance between the two 
lines marked E? 


2 HOLES- Ё DRILL THRU 8 
СО. C'BORE 5 DEEP 


TITLE DWG. NO. 
BOTTOM CAP 5—7 


Fig. 5-BPR-7. Study the blueprint and complete the items required. 
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(8105) 19u[3-urj4ed) “эч Э/М зи so цэл5 зешцоош J/N офоладо рио 
шо:6014 oym 25044 Áq рэрээи әш 5||1)5 бигроэл јимдопја "04044 Апра] 


43 


Unit 6 
Lettering and Dimensioning 
Freehand Sketches 


This unit is planned to give you some 
experience in forming the style of letters 
and numerals used on industrial drawings 
and sketches. The application of dimen- 
sions on drawings and freehand sketches 
is also discussed and illustrated. 


Lettering 
Style of Lettering 
The lettering used on most industrial 


drawings and sketches is of the Gothic 
style because it is easy to read and con- 


В,С, D'E 


2 


ЕЕ С.Е 


struct. Gothic lettering is done vertically 
(909), Fig. 6-1, or inclined (67 1/29), Fig. 
6-2. Vertical upper case (capital) letters 
are widely used in industry with some in- 
dustries preferring the inclined upper case 
letters, Lower case (small letters) are 
used for notes on some drawings, particu- 
larly on map drawings. 


Forming Letters and Numerals 
The Gothic style refers to letters and 


numerals which are formed with single 
strokes of the pencil or pen rather than 


Не | J К М? 


КО В QRS Гимли eZ 


4 


12 3.4 5 


(аг pr Qe if бе цу мі Жоу, 


Fig. 6-1. 


1-22 
а слане Fe ig, ћи] 161 


3. 9 (0° 8 


мг — 
“м 


Vertical Gothic lettering strokes and proportions. 


АВС "D' iE PG Ж. дука n 
NOR ORS УХУД, А 24 
12.3:#,5:6 2.8.9 0-8; 


Fig. 6-2. Inclined Gothic lettering strokes and proportions. 


letters that vary in thickness, One to four 
strokes are requiredtoproperlyconstruct 
the letters as shown in Figs. 6-1 and 6-2, 
By following these stroke patterns you 
will soon be able to construct neat, well- 
shaped letters and numerals. Letters are 
usually made 1/8 inch in height for notes 


H Тазша 


ВОВЕ 25 


Е 


Fig. 6-3. Height of letters, numerals and fractions. 


and dimensions with the title of the part 
1/4 inch in height. Numerals are equal in 
height to capital letters and fractions are 
twice the height of whole numbers, Fig. 
6-3. A medium to soft pencil is recom- 
mended for lettering. 


Guide Lines 


Horizontal lines and vertical or in- 


-HORIZONTAL GUIDE LINES _ 


LEAVE: 
WORDS; ТУО LETTER SPACES 


SENTENCES. О 


19 
675 


Fig. 6-4. Guide lines. 
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clined guide lines will help you achieve 
quality in height and slant of letters, Fig. 
6-4. These should be constructed lightly 
so as not to detract from the notes or di- 
mensions. 


Spacing 


Good lettering is always compact but 
not crowded, Fig. 6-5(b). 


(а) TOO CROWDED — T OO OPEN 


(b) CORRECTLY SPACED LETTERING 


Fig. 6-5. Spacing of letters. 


The space between letters and words 
should be pleasing to the eye. Some let- 
ters, such as A, C, L and T, because of 
their shape, can be spaced more closely 
than letters like B, D, H andM. The spac- 
ing between words is equal to about one 
letter space and about two letter spaces 
are used between sentences, Fig. 6-6. 


Р 


'ОМЕ LETTER SPACE BETWEEN 
BETWEEN 


ONE LETTER SPACE 


TWO LETTER SPACES 


Fig. 6-6. Spacing of words and sentences. 
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Dimensioning 


In dimensioning a drawing the engineer 
or draftsman provides two types of di- 
mensions: 

1. SIZE DIMENSIONS that tell the size 
of the part and the size ofits various geo- 
metric features such as arcs, circles, 
rectangles and angles. 

2, LOCATION DIMENSIONS which tell 
the location of features such as holes, 
slots and grooves. 


Dimension and Extension Lines 


Dimension lines are always parallel to 
the distance dimensioned, Fig. 6-7. Ex- 


um 
| EIE 
[— - ~ 


Fig. 6-7. Dimension and extension lines and arrowheads. 


MORE 


tension lines extend out from the part or 
feature dimensioned to 1/8 inch beyond 
the dimension line, About 1/16 inch should 
be allowed between the extension line and 
the object to clearly separate the object. 
Arrowheads should be sharply formed and 
terminate at the extension line. 


ALIGNED 
DIMENSIONS 


UNIDIRECTIONAL 
DIMENSIONS 


Fig. 6-8. Unidirectional and aligned 
dimensional systems. 


Placement of Dimensions 


Dimensions may be placedsothey read 
from the bottom of the drawing (unidirec- 
tional dimensions) or read from the bot- 
tom and right side (aligned dimensions). 
See Fig. 6-8. The unidirectionalsystem is 


| Fig. 6-9. Location of dimensions. 
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gaining in favor because the dimensions 
are more easily read by the workmen, 
Only one system should be used on a single 
drawing or sketch. 


In so far as possible, all dimensions 
should be placed outside the views, Fig. 
6-9, Exceptions are permitted for clarity 
and where a number of lines would be 
crossed by extension lines in carrying the 


4T 


dimension outside the view, Diameters and 
radii may be placed on the view if space 
and clarity permit. It is considered good 
practice to dimension between the views 
and next to the view where the feature di- 
mensioned is best described. Dimensions 
for narrow spaces, such as slots or thin 
parts, may be placed on either side of the 
extension lines or directed to the dimen- 
sioned space with a leader. 


Lettering Activity 6-BPR -1 
GOTHIC LETTERING AND NUMERALS 


In the spaces below, practice forming the letters and numerals as directed. Follow 
the lettering charts and guides in forming your letters and numerals. 


i 


4. Inclined lower case letters a through 2. 
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Unit 7 


Auxiliary Views 


Draftsmen sometimes find it neces- 
sary to use special or AUXILIARY views 
of an object to show the shape and size of 
the surfaces which cannot be shown in the 
regular views. 


See Fig. 7-1 Details (a) and (b). You 


will notice that the three views of the block 
given in Detail (b) do not show the true 


E 
AD 


size and shape of the inclined surface 
(surface cut at an angle). An auxiliary 
view, included in Detail (c), is requiredto 
provide the additional information needed. 
In the auxiliary view, the inclined surface 
is viewed from a position perpendicular 
to the surface. Auxiliary views may be 
projected from any view in which the in- 
clined surface appears as a line. 


be. 


A 


AUXILIARY VIEW 


| 


220 
== == 10 
ора” í 
ИС 


гас ERIS знання 


F ig. 7-1. Auxiliary view is added to give size and shape of inclined surface. 
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+ DRILL 
2 HOLES 


га 


Fig. 7-2 also shows an auxiliary view 
projected on a plane parallel to the in- 
clined surface, to provide a true repre- 
sentation of the special feature of the ob- 
ject. The distances for this inclined sur- 
face are foreshortened in the top and right 
side views. The surface appears in its 
true shape and size in the auxiliary view. 


When projected at right angles to the 
surface to be featured, the auxiliary view 
is obtained in the same manner as all other 
orthographic projection views. However, 
since it is projected from aninclined sur- 
face onto a parallel plane, the auxiliary 
view appears on the drawing at an odd an- 
gle with the rest of the orthographic pro- 
jection views. 


Fig. 7-2. Auxiliary view showing true shape and size of 
a feature of an object. 


Blueprint Reading Activity 7-BPR-1 
AUXILIARY VIEWS 


Study blueprint Fig. 7-ВРБ-1 and answer these questions: 


1. What three views are shown? ША 
FRONT TOP AUXILIARY 
2-6, Identify, in the other views, the line or 2. А 
surface represented by Ше letter given. 3. С 
If the feature does not appear in a view, 4, E 
place a dash in the answer space. 9. B 
oF D 
7, What is the radius of the auxiliary piece? es 
8. Give the length of surface: 9. & 
9. Give the width and length of surface: 9.28 E 
10. Give the thickness, width and length of tri- 10. 
angle D: 


11. What is the material from which the hook 1L 1L. 


body is made? 


12. What is the inside radius of the "eye" hook? 12. 
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Unit 8 
Detail and Assembly 
Drawings 


In the manufacture of a machine or Ше 
building of a structure, a set of drawings 
is necessary to provide details for the pro- 
duction of each of the parts and informa- 
tion on the correct assembly of the parts. 
The drawings, called WORKING DRAW- 
INGS, consist of two basic types: DETAIL 
DRAWINGS for the parts produced, and an 
ASSEMBLY DRAWING for each unit or 
sub-unit to be put together. 


The nature and purposes of detail and 
assembly drawings will be discussed in 
this unit. 


Detail Drawings 


A DETAIL DRAWING is a drawing made 
for a single part and provides all the in- 
formation necessary in the production of 
that part. It suppliesthe workman withthe: 

1. Name of the part. 

2. Shape description of the part, 

3. Dimensional size of the part and its 
features. 

4. Notes detailing material, special 
machining, finish, heat-treatment, etc. 


Usually only one part is placed on a de- 
tail drawing, but some industries detail 
several related parts on a single sheet. 
Each part in a mechanism is detailed and 
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a print made available to the mechanic ог 
technician working on that part. Depending 
on the complexity of the mechanism or ma- 
chine, several, or several hundred, detail 
prints may be needed in its manufacture 
or construction. 


Fig. 8-1 is typical of a detail drawing 
used in industry. 


Assembly Drawings 


ASSEMBLY DRAWINGS show the work- 
ing relationship of the various parts of a 
machine or structure as they fit together. 
Usually, each part inthe assembly is num- 
bered and listed in a table on the drawing. 
The assembly drawing provides the work- 
man with the following: 

1. Name of the assembly mechanism 
or sub-assembly. 

2. Visual relationship of one part to an- 
other in order to correctly assemble the 
various parts. 

3. List of parts. 

4. Bill of material may be included. 

9. Overall size and location dimen- 
sions when necessary to check clearance 
or fitting to another mechanism or foun- 
dation. 


An assembly drawing may be made for 
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Blueprint Reading for Industry 


a complete mechanism or machine, or may 
be prepared for a sub-unit for more com- 
plieated machines and structures. There 
are several variations of assembly draw- 
ings with which you should be familiar: 


Sub-assembly 


Sub-assembly drawings include a re- 
lated group of parts that compose a unit 
in a larger mechanism such as a drill 
press spindle assembly, automatic trans- 
mission assembly or drive sprocket as- 
sembly. The drawing of the hydraulic 
clamp piston, Fig. 8-2, is an example of 
a sub-assembly drawing. 


эйел а 


AN 


ЇЕ 


MA 


MATERIAL 


Working Assembly 


Working assembly drawings are fully 
dimensioned drawings and combine the 
features of detail drawings with assembly 
drawings. They are useful only on very 
simple assembly mechanisms. The draw- 
ing of the silent block axle mounting as- 
sembly, Fig. 8-3, is a working assembly 
drawing. 


Diagram Assembly 
Diagram assembly drawings make use 


of conventional symbols joined with single 
lines to diagram piping and wiring struc- 
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————————— 
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CH. FINISH 
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сн 


AMFER IST THREAD 


— 
Fig. 8-4. Industry plan. Diagram assembly, control schematic steam isolation valves. 


(Rockwell Mfg. Co.) 
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Detail and Assembly Drawings 


Fig. 8-5. Industry plan. Exploded pictorial assembly showing stock support for screw machine. 
(Brown and Sharpe) 


tures. An example of a diagram assembly at the customer's plant or field location. 
drawing is shown in Fig. 8-4. 
Exploded Pictorial Assembly 
Installation Assembly 
Exploded pictorial assembly drawings 


Installation assembly drawings provide show all the parts of an assembly in an 
the necessary information to install or "exploded" view in the correct order of 
erect a piece of equipment such as a dust assembly, Fig. 8-5, These are easy toread 
collector system or large piece of equip- and understand when assembling a mecha- 
ment shipped "knocked down" and erected nism. 
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Blueprint Reading Activity 8-BPR-1 
MAIN DRIVE SPROCKET 


OATE 


112; МІ В 87 ENG CHANGE NO. 2: = СнАМас IONE av 
= New Б Size Dwg | О 
| 


#7¢ 201) DR & TAP 


Vin, а) беса LAU 
(2 Hows @ 
90° APART) 


FINISH : й 
| Brack Охре Per AMF Р5."44 


SPROCKET DATA 


pitch УА 
мо.оғтетн 24 ____________ 
PITCH DIA. 5.74Ф [item] size] PART NO REOO DESCRIPTION 
ROLLER од. 468. - _ Co Ф а 
BOTTOM DIA. 5.277 пате DATE ЫН БОС figs en шил aie MATERIAL SPECS. ES PS SITE QR PATTESN NO 
OUTSIDE DIA. 62147 | m E ИСЛЯМ 22 | Cou MAN ое Eaow. | 206 24 
со CHECRED PART NAME CCASS | Div DwG NUMBER MOCEL 
ВШ — |6 9005 М ае Maw Dewe Seer 177157 | В | 1087 
МЕХТ ASSEMBLY | QUAN ————————— SIZE 
Fig. 8-BPR-1. Refer to the blueprint above and answer the following questions. 
1. Circle the type of drawing shown. 1. detail assembly. 
2. What views are shown? Эй 
3-10. Identify these features in the other view: Зад 
4. В 
5), ID 
8, № 
T. № 
8. G 
G. 181 
10, J 
11. What is the diameter of R? ІШЕ 
12-14. What kinds of lines are: 12. A 
la, Ф 
14. S 
15. Give the outside diameter of the part. 15. 


16. How many drilled and tapped holes arethere? 16. 
For additional Blueprint Activities for Unit 8 see pages 230 and 233. 


Blueprint Reading Activity 8-ВРК-2 
ARM AND HUB ASSEMBLY 


16 3-213) DRILL 
EPIS e ES тамо 


REAM (B 
354 


SOUCIS Sige 


Fig. 8-BPR-2. Refer to the blueprint above and answer the following questions. 


1. What kind of an assembly drawing is it? 
2. How many parts are there? 

3. How are the parts joined? 

4. What are the overall dimensions? 

5) 

6 

0 


. How many holes are drilled in the assembly? 
What is the shape of part CK-292? 
. Identify the following features in the other view: 


00-10) cao» со Мон 


E ра ра қа ым 
о сл НЕ бю м ~ о wo 
aaea eae oe е 


11-14. What kind of lines are: 


15-16. Give the dimension of: 


17. What is the diameter of D? T. 
18. What are the dimensions of the chamfer at U? 18. 
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Detail and Assembly Drawings 


Blueprint Reading Activity 8-BPR-3 
POWER TAKE-OFF 


Refer to Fig. 8-BPR-3 and answer the following questions, 


1. What kind of a drawing is 8-ВРК-3? 1. 
2, What views are shown? 2. 
3. How many different parts are shown? Jo 
4. What are the overall dimensions ? 4, 


5. What is the name of the part on which 5. 
the letter A appears in the front view? 


6. How many of part No. 11 arerequired 6. 
for one unit? What is the name of this 
part? 

7. How many drive screws are required їг 


to attach the name plate? 


8. Name the part on which the letter B 8. 
appears in the top view. 


9. What kind of a line is C? 9, 


10. What is part No. 6 and how many are 10. 
needed for one unit? 
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Unit 9 


Review of 
Shop Mathematics 


Craftsmen and technicians frequently 
need to make calculations involving com- 
mon fractions and decimals in connection 
with the reading of blueprints, If you are 
in need of а quick review ofthe fundamen- 
tals of this area of mathematics, this unit 
will assist you in your study. 

Common F ractions 

Common fractions are written with one 
number over the other, as 16 
on the bottom, 16, called the DENOMINA- 
TOR, indicates the number of equal parts 
into which a unit is divided and the number 


on top, 11, called the NUMERATOR, indi- 


cates what number of equal parts is taken, 


Fig. 9-1, In the fraction shown, 16” elev- 


I Thenumber . 
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Т! (NUMERATOR) 
16 (DENOMINATOR) 


Fig. 9-1. Unit divided into 16 fractional parts. 


en of the sixteen parts are taken. 
A PROPER FRACTION is one whose 


numerator is less than its denominator, 


ТІ 3 


ав: 16 and === 


а 
AnIMPROPER FRACTION is one whose 


numerator is greater than its denominator, 


9 19 


4 and 16 ' 


as: 
A MIXED NUMBER is a number which 
consists of a whole number and a proper 


and 5 m 


3 
2 — 
8 


fraction, as: n 


Review of Shop Mathematics 


Fundamental Steps in the Use of 
Common F ractions 


1. Whole numbers may be changed to 
fractions by multiplying the numerator and 


denominator by the same number: 


Change 6 (whole number) into fourths. 


6 
1 


4 


24 
4 


Each whole unit contains 4 fourths. 
Six units will contain 6 x 4 fourths or 24 


fourths. 


The value of the number has not changed, 


24 
4 


6. 


2. Mixed numbers may be changed to 
fractions by changing the whole number to 
a fraction with the same denominator as 
the fractional part of the mixed number 


and adding the two fractions: 


5 E 5 
== = аа —- 
т й з 8 
- 24,5 
Пия 
. 29 
— 8 


Each whole unit contains 8 eights. 
Three units contain 3х8 eights or 24 


eights. 
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5 
Adding the 8 part of the mixed number to 


8 


gives us ^g. 
3. Improper fractions may be reduced 


to a whole or mixed number by dividing 


the numerator by the denominator: 


1 
4-- 
4 
4. Fractions may be reduced to the 


lowest form by dividing the numerator and 


denominator by the same number: 


The value of a fraction is not changed if 
the numerator and denominator are di- 
vided by the same number, since this is 


the same as dividing by 1. 


9. Fractions may be changedto a high- 
er form by multiplying the numerator and 
denominator by the same number: 


10 
16 


8 ox 2 


The value of a fraction is not changed by 
multiplying the numerator and denomina- 
tor by the same number, since this is the 


same as multiplying by 1. 


Blueprint Reading for Industry 


Addition of F ractions 8 1 
To add common fractions, the denomi- 


nators must all be the same: 


5 2 
ucc p NL Say] . 
Example: 16 8 32 8 16 


The LOWEST COMMON DENOMINA- 
TOR into which these denominators canbe 5 B 


divided is 32. 


Change fractions toa higher form (Fun- 


damental Step No. 5) д ES ^ 29 
0 10 
зог 
16 2 82 
3 4 12 
E ғтк нс а 
8 4 32 ГОРЕ 
° 16 32 


Add the fractions with the common de- 


nominators 
8 q 
10 12 11 338 6.12 + = 
у аў а а “с E $ 
Reduce improper fraction (Fundamen- 
talStep No. 3) 7 5 q 
шэг 
33 1 
32 ^ | 32 
Shop Mathematics Activity 9-BPR-1 Ке 
ADDITION OF FRACTIONS 8 32 


Solve the following problems. Reduce 


answers to lowest form. 


64 


102 


118 


1227 


13. 


14. 


15. 


16. 


з З: 7527 
16 16 
1 3 
== - = $ 
= 2 10 
5 7 
— + — 
г 20 52 
3 fi 9 
8 64 16 
7 3 
— + = = 
125 25 + 
21 9 1 
„=== — + — 
92 64 4 
3 1 7 
[um › в 
Т 15 
4 8 16 


Review of Shop Mathematics 


- Subtraction of F ractions 
'To subtract common fractions, the de- 


nominators must all ђе the same. 


Example: 2 = 


Ee 
Sle 


The LOWEST COMMON DENOMINA- 
TOR into which these denominators canbe 
divided is 16. 

Change fractions toa higher form (Fun- 


damental Step No. 5) 


Shop Mathematics Activity 9-BPR-2 
SUBTRACTION OF FRACTIONS 


Solve the following problems. Reduce 


answers to lowest form. 


3 
17 2. ы 
32 
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10. 


Blueprint Reading for Industry 


7 ig 
= eC й 
ee 
о 16 


(borrow 2 from 3) 
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Multiplication of F ractions 

Common fractions may be multiplied 
as follows: 

1. Change all mixed numbers to im- 
proper fractions. 

2. Multiply all numerators to get the 
numerator part of the answer. 

3. Multiply all denominators to get the 
denominator part of the answer. 


4. Reduce the fraction to lowest form, 


Example: ЕЕ x з: х 4 - ? 
d - 25 x do 100 
2 8 1 16 
100 4 1 
--- = 6 — = mm 
16 16 : 4 


Shop Mathematics Activity 9-BPR-3 
MULTIPLICATION OF FRACTIONS 


Solve the following problems. Reduce 


answers to lowest form. 


3 1 
№ до рия 


10. 


10 = = 


ПО == = 


со | 
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Division of F ractions 
Common fractions may be divided as 


follows: 


1. Change all mixed numbers to im- 


proper fractions. 


2. Invert (turn upside down) the divisor 


and proceed as in multiplication, 


ЇГ 1 
. 32232 рене иа = e 
Example: vom г 1 2 й 
21 a 8 
a Оны 
21 2 4 
4 3 12 
42 _ 21 1 
T Е 2 


Shop Mathematics Activity 9-BPR-4 
DIVISION OF FRACTIONS 


Solve the following problems. Reduce 


answers to lowest form. 


ір 776 
m гэ 
1. 2% 


61 


61 + 2 = 
Фаш 
16 + 20 
хир” 
8 16 

15 + 14 = 
12 + за 
dede 
сг 


Blueprint Reading for Industry 


Decimal F ractions 


The denominator in decimal fractions 
is 10 or a multiple of 10 (thatis 100, 1000, 
etc.) When writing decimal fractions, we 
omit the denominator and place a decimal 
point in front of the numerator: 


3 
3m is written .3 (three tenths) 


87 
100 is written .87 (eighty seven hundredths) 


315 
1000 


is written .375 (three hundred sev- 
enty five thousandths) 


4375 


creme ri А th dth 
10000 is written.4375 (four thousand three 


hundred seventy five ten thou- 
sandths) 


Whole numbers are written to the left 
of the decimal point and fractional parts 
are to the right. 


253 


1000 is written 5,253 (five and two hun- 


dred fifty three thousandths) 


Addition and Subtraction of Decimals 


Decimals are added and subtracted in 
the same manner as whole numbers, ex- 
cept in decimals we write the figures so 
that the decimal points line up vertically. 


Example: 
Add Поза, Subtract 8,625 
1.25 2.25 
.625 6.375 
Eee 
12,5625 


The decimal point in the answer is direct- 
ly below the decimal points in the problem. 
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Shop Mathematics Activity 9-BPR-5 
ADDITION AND SUBTRACTION 
OF DECIMALS 


Solve the following problems: 


Acel io 4.5625 
„875 
2. 75 


Dello | 


2. 7-0626 + -120 F S0 


So 332-4 43815 = .21 


Subtract: 4. 21.9315 
16.937 
5 4.0 - .0625 


© 2-29 = 1,125 


Multiplication of Decimals 


Decimals are multiplied in the same 
manner as whole numbers and the decimal 
points are disregarded until the multipli- 
cation is completed. To find the position 
of the decimal point in the answer, count 
the total number of decimal places to the 
right of the decimal point in the numbers 


being multiplied and set off this number of 
decimal places in the answer starting at 
iae тїй 


Example: 
| 3 decimal places 


625 
Среща + 3 decimal places 


Shop Mathematics Activity 9-BPR-6 
MULTIPLICATION OF DECIMALS 


Solve the following problems: 


1. 4.825 
1.75 
2- 16T 
„26 
206 
221 


4 492 х 1.85 


ӘР © ж ON 
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Division of Decimals 


In dividing decimals we proceed as in 
the division of whole numbers except that 
the decimal point must be properly placed 
in the quotient (answer). 


То place the decimal point in the quo- 
tient, count the number of places to the 
right of the decimal point in the divisor. 
Add this number of places to the right of 
the decimal point in the dividend and place 
the decimal point directly above in the 
quotient, 

Example 26-5082 F Ай = mee 

8.86 
Divisor 4.12 [36.5032 Dividend 
s OS 
3 543 
3 296 
2472 
2472 


Shop Mathematics Activity 9-BPR-7 
DIVISION OF DECIMALS 


Solve the following problems: 


l 2.7 [045 


2. 35 [654,5 


S озии оосо 


4, 19-1200 = 65026 


5. 4401.25 — 503 


Metric System 


The metric system of numbers works 
in the same way as the decimal-inch 
System. Only the size of the units and 
terms differ. Both are on the base-ten 
number system which makes it easy to 
shift from one multiple or submultiple to 
another. 


Addition and Subtraction in Metric System 


Numbers in the metric system are 
added and subtracted in the same manner 
as they are in the decimal system. Write 
the figures so the decimal points line up 
vertically. 


Example: 
Add 38.35 Subtract 118.06 
20.666 107.902 
116.59 10.158 
175.606 


Shop Mathematics Activity 9-BPR-8 


Solve the following problems: 


1. 66.67 


Review of Shop Mathematics 


2, 418 + 89.112 + 8.38 Divide 25.85 mm 
41103.42 mm 
8 
723 
20 
3. 4.19+49,25+2,6 34 
32 
ше 
20 
7920 
Subtract: 20 
4. 66.68 
41.88 Shop Mathematics Activity 9-BPR-9 


1. Find the total length of six sections 
when each section is 72.5 mmin length. 


SEC OT = (.1 


олио 55 = 16.302 
2. What is the total thickness of five 
Spacers, each of which is 1.22 mm 


thick? 
Multiplication and Division of Metric 
Decimal Numbers 
Metric decimal numbers are multiplied 
and divided in the same manner as decimal 3. Find the length in millimetres of each 
numbers in the customary system. part when a rod 108 millimetres in 


length is divided into 7 equal parts. 
Example: 


81.6 millimetres multiplied by three 


Multiply 81.6 mm 
3 
244.8 mm 


Divide 103.42 millimetres into four 
equal parts 


[4] 


Unit 10 


Measurement Tools 


The ability to make accurate measure- 
ments is a fundamental skill needed by all 
who read anduse blueprints. See Fig. 10-1. 
This unit is intended as a review of the 
basic principles of reading the Drafts- 
man's Scale, the Micrometer andthe Ver- 
nier Seale. 


Fig. 10-1. Machinist checks a blueprint. 
(McDonnell Douglas) 


How to Read the Draftsmen's Scale 


You have been using the full-size scale 
in the form of a6-inchsteelrule. Although 
the skilled craftsman or technician NEVER 
Scales a blueprint for an actual measure- 
ment (most prints shrink or stretch inthe 
development anddrying process) itis help- 
ful for reference and sketching purposes 
to know and understand the scale of a print. 


Principle of Scale Measurements 


The principle of scale measurements 
on а drawing is simply letting a unit, such 
as 1/2 inch on the scale, represent some 
larger unit such as 1 inch on the actual 
object. This scale would appear on the 
print as "HALF SIZE' or 1/2" = 10. See 
Ила, 10-2. 


HALF SIZE ЕНЕВ Е 


Fig. 10-2. Half-size scale. 


Measurement Tools 


Other scales most frequently used are 
"QUARTER SIZE" or 1/4" = 1": and "FULL 
SIZE", or 1" = 1", Scales of this type are 
found on the mechanical engineer's scale, 
Fig. 10-3. Some smaller parts of an as- 
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Fig. 10-3. Drafting scales. 
(Frederick Post Co.) 


sembly may need to be enlarged on the 
drawing for clarity inshape and size. Typ- 
ical scales would be: TWICE SIZE, or 
СЕНИ ог 5X, meaning 5 TIMES or 5 
inches on the drawing equals 1 inch onthe 
actual object. 


Scales on drawings of large structures 
would have much greater reductions and 
the inch or fractional part of an inch on 
the scale would represent feet оп Ше actual 
object, such аз 1/4" = 1'- 0". Scales used 
for drawings of this type reduction are 
called architect's scales, Fig. 10-3(a). 


Some scales are marked offin divisions 
of 10 (or multiples of 10 as: 20, 30, 40, 50, 
or 60) parts to the inch and are used in 
laying out drawings based on decimal di- 
mensions. These scales are called civil 
engineer's, engineer's or decimal scales, 
Fig. 10-35). 


Reading the F ractional-Inch Scale 


Observe Fig. 10-4 whichillustrates the 
1/2 size scale on the mechanical engi- 
neer's scale. If a mechanical engineer's 
scale is not available, anarchitect's scale 
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НАВЕ SIZE 


Fig. 10-4. Mechanical engineer's half-size scale. 


may be used by letting the 1/2" units rep- 
resent inches instead of feet. This 1/2 inch 
unit represents 1 inch onthe actual object. 
То measure with the half-size scale, think 
of each dimension in its full size. Lay off 
measurements in the following manner: 

1. Place the scale along the distance 
to be measured. 

2. Mark a short vertical dash at the 
whole number (2 inches in our example), 
Hig. ГО. 

3. The fractional part of an inch is 
marked in the subdivided end unit, Fig. 
10-4. 

4. The distance marked off is 2 1/8 
inches on the half-size scale. 


The scale has done the calculations and 
assures you of the correct distance if you 
have read the scale correctly. 


Fig. 10-5. Architect's scale 1/2 = 1' — 0”. 
Now, using the scale 1/2" = 1! - 0" 
(1/24 size) on the architect's scale, letus 
see how this scale is used. You should 
think of each dimension in terms of its 
full size, so think of the 1/2 inch division 
representing one foot, Fig. 10-5. Lay off 


1 фи 


1 4 0 


3 6 9 


Fig. 10-6. Reading the scale: Three-times size. 


measurements in the following manner: 

1. Place the scale along the distance 
to be measured. 

2. Mark a short vertical dash at the 
whole number (3 feet inour example), Fig. 
10-5. | 

3. Тїїе inches are marked in the sub- 
divided end unit, (4 inches in our example), 
Pigs 10-5. 

4. The distance marked off is 3 feet 
and 4 inches on the scale: 1/2" = 1' - 0", 


Small machine parts are frequently 
drawn three-times size and on very small 
parts of a watch or instrument, the parts 
may be drawn 10 to 1 or 20 to 1, using 


| SCALE : HALF SIZE 


e SCALE ‘4 = |" 
5 SCALE :Е -1-0" 
М SCALE : 1" = 1-0" 
2 SCALE 200 
6 SCALE 100 
í SCALE: 1 = 1'– 0" 
: SCABE ШЕГІ 
27! Scale. aon 
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SCALE 2-1 


special enlarging scales. Thethree-times 
size scale is illustrated in Fig. 10-6 and 
is read in same manner as other scales. 


In our example, Бір. 10-6, 0 to 1 rep- 
resents 1 inch and 0 to 9 inthe subdivided 
section represents 3/4 inch (9/12 = 3/4), 
a distance of 1 3/4 inches on the three- 
times size scale. 


Measurement Activity 10-BPR -1 
Fractional-Inch SCALE MEASUREMENT 


Measure the length of the following 
lines, using the scales indicated. Place 
your readings on the line above the scale. 


Measurement Tools 


2.125 


(a) 


2.125 


(b) 50 0 2 4 


Fig. 10-7. Measuring with the civil engineer's or decimal scale. 


Reading the Decimal-Inch Scale 


To read a decimal dimension of 2.125 
inches on the civil engineer's fully divided 
10-scale, Fig. 10-7(a), start from the 0 
and move past the 2. Continue past the 
first tenth (.10) to one-fourth (.025) of the 
next tenth (judged by eye). This represents 
the decimal 125, Fig. 10-7 (a). 


The same reading can be made with 
greater accuracy on the 50-scale, where 
each subdivision equals 1/50 or .02 of an 
inch, Fig. 10-7(5). Move from 0 to 10 
(five major divisions to the inch, 10 = 2 


inches) and on to six subdivisions (6 х.02 = 
.12). Continue to one-fourth of the next 
subdivision (1.4 of .02 = .005) for а mea- 
surement of 2,125 inches. The 50-scaleis 
most commonly used іп Ше machine-parts 
manufacturing industries where decimal 
dimensioning is standard practice. 


Measurement Activity 10-BPR -2 
Decimal-Inch SCALE MEASUREMENT 


Measure the length of the following 
lines, using the decimal-inch scales indi- 
cated. Place your readings on the line 
above the scale. 


SCALE:FULL SIZE (10) 


a Ф о г 


SCALE | E. 59 (50) 


SCALE:FULL SIZE (10) 


SCALE:HALF SIZE (20) 


SCALE : FULL SIZE (50) 
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THE L.S.STARRETT CO. 
. ATHOL.MASS. U.S.A. 
MADE IN U.S.A. 


Fig. 10-8. Micrometer with parts identified. 
(L. S. Starrett Co.) 


How to Read the Inch Micrometer 


The precision measurement capability 
of the micrometer is based upon a very 
accurate screw of 40 threads per inch on 
the spindle which rotates in a fixed nut, 
thus opening or closing the distance be- 
teween the measuring surfaces of the anvil 
and spindle, Fig. 10-8. The spindle is at- 
tached to the thimble and as the thimble 
is turned ONE revolution, the spindle ad- 
vances toward or withdraws fromthe anvil 
face precisely 1/40 (screw of 40 threads 
per inch) or .025 of an inch. 


Refer again to Fig. 10-8 and note there 
is а line that extends the length of the 
sleeve, This line is called the INDEX LINE 
and is divided into 40 equal parts by verti- 
cal lines which correspond to the pitch of 
the thread (distance from one thread to 
another) on the spindle. Therefore, each 
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vertical line on the sleeve designates 1/40 
or .025 of an inch; two of these lines or 
Spaces equal.050 (.025 + .025) of an inch. 
Every fourth line marked with а number 
(1, 2, 3, etc.) designates hundreds of thou- 
sandths (4 х .025 = ,100), The line marked 
"1" represents .100 inch, line marked "2" 
represents .200 inch, etc. 


Note again in Fig. 10-8, the beveled 
edge of the thimble is divided into 25 equal 
parts with Ше lines numbered consecutive- 
ly. We learned earlier that one revolution 
of the thimble, advanced or withdrew the 
spindle .025 inch. Moving from one line 
on Ше beveled edge of the thimble to the 
next moves the thimble 1/25 of а revo- 
lution and moves the spindle 1/25 of ,025 
or .001 inch; rotating two divisions or lines 
moves the spindle .002 inch, etc. Twenty- 
five divisions indicate a complete revo- 
lution of the thimble or the .025 inch. 


Measurement Tools 


То readthe micrometer in thousandths, 
refer to Example 1 for a sample reading. 
The reading is taken at the edge of the 


thimble at the index line. 


Example 1: 


ко 


Line "1" on sleeve is visible, 
representing .100 

Two additional lines are visible 
representing .025 each 


(2 х .025 = .050) 2050 
Line 8 on Ше thimble is at Ше 
index line, representing .008 


The micrometer reading is .158 inch 
Let's try another sample reading. 


Example 2: 


20 


Three lines are visible repre- 
senting .025 each 
(3 х .025 = .075) .075 
Тһе thimble reading is at 0 so 
there is nothing to add 


The micrometer reading is .075 inch 


A Help in Remembering 


An easy way to remember the values 
of the various divisions in reading a mi- 


crometer is tothink of them as 0,5, money. 
Count the figures on the sleeve... 1, 2, 


etc. as dollars, the extra vertical lines as 


quarters, and the divisions on the thimble 
as pennies. Add up your money and put a 
decimal point in front of the figure instead 
of a dollar sign. This is your "mike" read- 
ing. 


Measurement Activity 10-BPR -3 
INCH MICROMETER READING 
(Paper Exercise) 


Record the readings in the space pro- 
vided for the following micrometer set- 
tings: 


1. Reading 


2. Reading 


3. Reading 


20 


4. Reading 


Blueprint Reading for Industry 


Measurement Activity 10-BPR -4 
10 INCH MICROMETER READING 
(With Micrometer) 
5 
With a micrometer, make actual mea- 


surements on machine parts, such as a 
spindle, pin, plate, key for shaft, etc. Ке- 
cord items measured and micrometer 


5 readings in spaces provided. 
ІШ em Reading 
20 ETE Зы 


5. Reading 


6. Reading 


2. 
Шз эшл шш сыы, 7 
5 
 — и = 
0 
5. ———— 
7. Reading — 6. 
de нээ 
0 
8; — <. a ——€ 
20 
—— ИН 
8. Reading. ~ 10) 
177 
WIES 
12. 
[mme 
13. 
9. Reading ________ 14. 
ТЕ How to Read a 25-Division Vernier Scale 
ЖЕПТІ 10 Slide the Vernier plate along the bar 
Шил until the jaws nearly contact the work. 
5 Lock the clamping screw on the Vernier 


and make the final adjustment with the fine 
10. Reading — — ~~ adjusting screw on the Vernier, Fig. 10-9, 
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Fig. 10-9. Measuring with the Vernier calipers. 
(L. S. Starrett Co.) 


The BAR (top row of numbers) of the 
Vernier is graduated into 40415 (.025) of an 
inch, Fig. 10-10, with every fourth divi- 
sion, representing a tenth ofaninch, being 
numbered. The Vernier PLATE (bottom 
row of numbers) is divided into twenty-five 
divisions numbered 0, 5, 10, 15, 20 and 25. 
The twenty-five divisions on the plate 
occupy the same space as twenty-four divi- 
sions on the bar. This slight difference, 
equal to 1/1000 of an inch per division, is 
the principle behind Vernier measuring. 


To read Vernier, note number of full 
inches (1, 2, etc.), tenths (.100, .200, etc.), 
and fortieths (.025, .050, etc.) the 0 mark 
on the plate is from the0 mark on the bar. 
Add to this the number of thousandths in- 
dicated by THE LINE ON THE PLATE 
that exactly coincides with a line on the 
bar (11 as indicated by stars, Fig. 10-10). 


THELS.STARRETT CO. 
ATHOL, MASS. U.S.A. 


Fig. 10-10. Photo showing Vernier scale. 
(L. S. Starrett Co.) 


Example: Refer to Fig, 10-10. 


Full inches (0 mark is to 


right of 1) 1.000 
Tenths (4) .400 
Fortieths (1/40 = .025) 50215 


Thousandths (11) „011 
Vernier reading is 1.456 inches 


Measurement Activity 10-BPR -5 
VERNIER SCALE READING 


Using a Vernier tool, make actual mea- 
surements on machine parts, such as slots 
on angle plate, diameters of shafts, diam- 
eters of holes, heights of offsets, etc. Re- 
cord items measured and vernier readings 
in spaces provided. 


Item Reading 
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SI METRIC BASE UNITS 


QUANTITY NAME OF UNIT SYMBOL 
Length metre m 
Mass (weight) kilogram kg 
Time second 5 
Electric current ampere A 
Temperature kelvin K 
Luminous intensity candela cd 
Amount of substance mole mol 

SUPPLEMENTARY UNITS 
UNIT NAME OF UNIT SYMBOL 
Plane Angle radian rad 
Solid angle steradian sr 


Fig. 10-11. The seven base and two supplementary units 
of the International System of Units. 


Metric Scales 


The United States is converting to the 
metric system. In the transition period of 
the next few years, both sets of measure- 
ments, the metric and English, are likely 
to be used. Many industries today are 
using a system of "dual dimensioning" 
(decimal inch and metric) as shown on 
the blueprint on page 236. 


The International System (SI) units of 
metric measure conform to reason, are 
consistent and fit together. The seven base 
and two supplementary units of the Inter- 
national System are shown in Fig. 10-11. 


The metric system of numbers works 
in the same way as the decimal-inch sys- 
tem, Only the size of the units and terms 
vary. Both are on the base-ten number 
system which makes it easy to shift from 
one multiple or submultiple to another. 


A Scale of 1:20 would be referenced оп 
the drawing ав 5 cm = 1 m, Fig. 10-12(а). 
A scale of 1:100 means the drawing is 1/100 
the size of the actual object and would be 
referenced 1 cm = 1m, as in Fig. 10-12(b). 
The same scale (1:100) could be used to 
represent 1 cm = 1km, asin Fig. 10-12(c). 
The reduction would be 1/100,000 (multiple 
factor of 10 -2 to 103 = 105). The 1:100 scale 
may also be used as afull-size scale when 


SCALE 1:100,000 


1ст = 1 km 


SCALE 1:20 


Бет = іт 


SCALE 1:100 


Тест = 1m 
(a) (b) (c) 


Fig. 10-12. Metric scales are referenced on a drawing to 
indicate the units of the ratio. 


dimensions are in millimetres since the 
smallest divisions are millimetres. 


Any craftsman using the metric system 
of linear measure should learn all common 
units and their relation to other factors, 
Fig. 10-13, Actually, changing from kilo- 
metres to metres is a simple shift of the 
decimal point, Fig. 10-14, 


Kilometre = 1 O00 metres (thousands) 
Hectometre = 100 metres (hundreds) 
Dekametre = 10 metres (tens) 

Metre = 1 metre (unit of linear measure) 
Decimetre = 0.1 metre (tenths) 

Centimetre = 0.01 metre (hundredths) 
Millimetre = 0.001 metre (thousandths) 
Micrometre = 0.000 001 metre (millionths) 


Fig. 10-13. Common linear units in the metric system. 


Metric Units used on 
Industrial Blueprints 


The base unit of the metric system is 
the metre. However, derived-decimal 
units are used in various industrial fields 
as the official unit of measure on metric 
drawings, Fig. 10-15. On drawings in the 
manufacturing industry, where measure- 
ments are more precise, the millimetre 
is the standard unit of length. 


Some typical metric scale designations 
for drawings which have been reduced or 
enlarged are as follows: 


REDUCTIONS ENLARGEMENTS 
182 1:50 2:1 
1:2-9 1:100 5:1 
155) 1:200 10:1 
1:10 1:500 20:1 
1:20 1:1000 50:1 
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А B «ж зара E л 
0.548 5.48 54.8 5480 54800 548000 
KILOMETRE HECTOMETRE DEKAMETRE METRE DECIMETRE CENTIMETRE MILLIMETRE 


Fig. 10-14. Numbers in the metric system are added, subtracted, multiplied, 
and divided in the same way as decimal-inch numbers. 


Measuring with the metric scale is 
shown in Fig. 10-16, using the .01 scale 
as a full size scale. The measurement 
reads 43.5 mm. To use the same scale as 
a reducing scale of 1:100, let each num- 
bered unit (actually a centimetre) repre- 
вепї а metre - a reduction of 1 to 100, 
Fig. 10-16. That is, one unit on the draw- 
ing represents 100 on tbe object. The 
measurement in Fig. 10-16 would then be 
4.35 metres. 


UNIT ОҒ INTERNATIONAL MULTIPLE 

INDUSTRY MEASURE SYMBOL FACTOR 
Topographical kilometre km 10° = 1000m 
Building, 

Construction metre m 109 = 1т 
Lumber, Cabinet centimetre cm 1072 = 0.01 m 
Mechanical Design, 

Manufacturing millimetre mm 10-3 = 0. 001 m 


Fig. 10-15. Metric units of measure on industrial drawings 
by type of industry. 


Fig. 10-16. Measuring with the metric scale. Scale enlarged for easier reading. 


Measurement Activity 10-BPR -6 
METRIC SCALE MEASUREMENT 


Lines below have been drawn to acer- 
tain metric scale. Measure the length of 


each using the metric scales called for 
under the line. Before you write in the 
answer it is suggested youcheck it against 
the example given in Fig. 10-16. Place 
your answer above each line measured. 


SCALE: FULL SIZE (1:100) 


SCALE :1:20 


a Ф о N 


SCALE : 1:50 


SCALE : FULL SIZE (1:100) 


SCALE : HALF SIZE (1:2) 
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How to Read the Metric Micrometer 


Reading а metric micrometer which 
measures in hundredths of a millimetre 
(0.01 mm) is quite similar to reading the 
inch micrometer - only the units аге 
different. 


The screw on the metric micrometer 
advances 1/2 millimetre per revolution 
of the thimble so two revolutions move 
the spindle 1 mm. 


The sleeve ofthe micrometer 15 gradu- 
ated in millimetres below the datum line 
(see below) and in half millimetres above 
the line. The thimble is marked in fifty 
divisions so that each small division 
represents 1/50 of 1/2 mm (one revolution 
of thimble) which equals 1/100 (0.01) mm. 


To read the metric micrometer, follow 
these steps: 

1. Note the number of whole millimetre 
divisions (below datum line) on the sleeve. 

2. Note whether there is a half milli- 
metre division (above datum line) visible 
between the whole millimetre division and 
the thimble. 

3. Finally, read the thimble for hun- 
dredths (division on thimble aligning with 
datum line). 


In our example above: 
Whole millimetre Divisions = 


10 х 1 mm 10.00 mm 

Half millimetre Divisions = 
1 х 0,50 mm = 0.50 mm 

Reading on Thimble = 
16 х 0.01 mm = 0.16 mm 
Reading = 10.66 mm 


Measurement Activity 10-BPR -7 
METRIC MICROMETER READING 


Record the readings in the spaces pro- 
vided for the following micrometer set- 


tings. 
35 
1. Reading 
30 
| 25 
20 
2. Reading 15 
10 
о 
3. Reading 
45 
40 
10 
4. Reading 
о 
5 
5. Reading 0 
45 
10 
6. Reading Idam. 5 
о 
9) 
7. Reading 45 
40 
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Unit 11 


Dimensions and Tolerances 


Most major industries donot manufac- 
ture all of the parts and sub-assemblies 
required in their products. Frequentlythe 
parts are manufactured by specialty in- 
dustries, to standard specifications or to 
Specifications provided by the major in- 
dustry. The key tothe successful operation 
of the various parts and sub-assemblies in 
the major product is the ability of two or 
more nearly identical duplicate parts to 
be used individually in an assembly and 
function satisfactorily. 


The meaning of various terms and sym- 
bols as well as procedures andtechniques 
relating to dimensioning and tolerancing 
will be studied in this Unit to assist you 
in accurately interpreting industrialblue- 
prints. 


1.050 


0.824 


WROUGHT STEEL 


pu m 
2 


CONSTRUCTION 


Definition of Terms 


The following terms are used frequent- 
ly in industry and itis necessary to under- 
stand their true meaning and application 
in order to satisfactorily read and inter- 
pret blueprints. Other terms relating to 
conditions and applications of dimension- 
ing and tolerancing which are of less im- 
portance, will be found in the Glossary of 
this text, page 316. 


NOMINAL SIZE is a general classifica- 
tion term used to designate size for a com- 
mercial product, Fig. 11-1. It may or may 
not express the true numerical size ofthe 
part or material. For example, a seamless 
wrought-steel pipe of 3/4 inch nominal size 
has an actual inside diameter of 0.824 and 


COLD-FINISHED 
LOW-CARBON 


PIRE LUMBER БИ BIE 
a b c 
Fig. 11-1. Nominal sizes of objects. 
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an actual outside diameter of 1.050, Fig. 
11-1(a). 


Another example of nominal size is 
the 2 x 4 piece of lumber used in building 
construction which has an actual size of 
1-1/2 x 3-1/2 inches, Fig. 11-1(b). How- 
ever, in the case of cold-finished low-car- 
bon steel rounds, the nominal 1-1пећ size 
comes within two thousandths (.002) toler- 
ance of actual size, Fig. 11-1(c). Soit may 
be seen that the nominal size may or may 
not be the true numerical size of a mate- 
rial. When an industry uses the term nom- 
inalsize synonymous with basic size (uses 
both terms as being alike in meaning), they 
are assuming the exact ortheoreticalsize 
from which all limiting variations are 
made. 


BASIC SIZE is the size of a part de- 
termined by engineering and design re- 
quirements, It is fromthis size that allow- 
ances and tolerances are applied, For ex- 
ample, strength and stiffness may require 
a 1-іпсһ diameter shaft, The basic l-inch 
size (with tolerance) will most likely be 
applied to the hole size since allowance is 
usually applied to the shaft, Fig. 11-2(a). 


ALLOWANCE is the intentional differ- 
ence in the dimensions of mating parts to 
provide for different classes of fits. It is 
the minimum clearance space or maximum 
interference, whichever is intended, be- 
tween mating parts. In our sample, we have 


BASIC SIZE 
a 


DESIGN SIZE AFTER 
APPLICATION OF ALLOWANCE 


b 


allowed .002 on the shaft for clearance 
(1.000 - .002 = .998), Fig. 11-2(b). 


DESIGN SIZE is the size ofa part after 
an allowance for clearance has been ap- 
plied and tolerances have been assigned. 
The design size of our shaft, Fig. 11-2(b), 
15 .998 after the allowance 01.002 has been 
made. A tolerance of 7.002 is assigned 
after the allowance is applied. See Fig. 
11-2(с). 


ACTUAL SIZE is а measured size. 


LIMITS are the extreme permissible 
dimensions of a part resulting from the 
application of a tolerance. Two limit di- 
mensions are alwaysinvolved, a maximum 
size and a minimum size. For example, 
the design size of a part may be 1.375. If 
a tolerance of plus or minus two thou- 
sandths (*.002) is applied, then the two 
limit dimensions are maximum limit 1.377 
and minimum limit 1.373, Fig. 11-3(a). 


TOLERANCE is the total amount of 
variation permitted from the design size 
of a part. Tolerance may be expressed as 
variation between limits, Fig. 11-3(a); as 
the design size followed by the tolerance, 
Fig. 11-3(b); or when only one tolerance 
value is given, the other value is assumed 
to be zero, Fig. 11-3(c). Toleranceis also 
applied to location dimensions for other 
features (holes, slots, surfaces, etc.) of a 
part, Fig. 11-3(d). 


ё 


0.996 = .002 


: 


DESIGN SIZE AFTER 
ALLOWANCE AND 
TOLERANCE ARE APPLIED 


с 


Fig. 11-2. Size terminology used in dimensioning and tolerancing. 
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Dimensions and Tolerances 


Пади 12357:55::40)02 
123773 


TOLERANCE DESIGN SIZE 
EXPRESSED WITH 
BY LIMITS TOLERANCE 
a b 


12325 
+ .003 
ONE TOLERANCE 
VALUE GIVEN 


с 


LOCATION DIMENSION 
TOLERANCE 


d 


Fig. 11-3. Tolerances indicated in dimensioning. 


Since the size of our shaft in Fig. 11-2(b) 
is .998 after the allowance has been ap- 
plied, our tolerance must be applied below 
this size, in order to assure the minimum 
clearance (allowance) of .002, If a toler- 
ance of + .002 is permitted on the shaft, 
the total variation of .004 (+.002 and - .002) 
must occur between .998 апа .994. Then, 
the design size for our shaft is given a 
bilateral tolerance (variation is permitted 
in both directions from the design size)of 
.996 * .002 after the application of allow- 
ance for minimum clearance andtolerance 
for variance in manufacture, Fig. 11-2 (с). 


Tolerance should always Бе as large ав 
possible, other factors considered, to re- 
duce manufacturing costs. Tolerances may 
be specific and given with the dimension 
value or, general and given as a note or 
included in the title block of the drawing 
and apply to all dimensions on the blue- 
print, unless otherwise noted, Fig. 11-4. 


TOLERANCE UNLESS 
OTHERWISE NOTED 
FRAC. TOL. + 1/64 ANGLES + 0°30’ 


2 PLACE 3 PLACE 
27:03 ‚ХХХ 005 


Fig. 11-4. Tolerances given in the title block. 
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UNILATERAL TOLERANCEisatoler- 
ance in which variation is permitted only 
in one direction from the designsize, Fig. 
Те 


BILATERAL TOLERANCE is a toler- 
ance in which variation is permitted in 
both directions from the design size, Fig. 


11-3(Ъ). 


DATUMS are points, lines, surfaces or 
planes of a part that are assumed to be 
exact for purpose of reference and from 
which the location of other features are 
established, The datum plane is indicated 
by the assigned letter preceded and fol- 
lowed by a dash, enclosed in a small rec- 
tangle or box, Fig. 11-5. 


Fig. 11-5. Datum surface used in dimensioning. 


Blueprint Reading for Industry 


Types of Dimensions 


LINEAR DIMENSIONS are usually giv- 
en in inches for measurements of 72 inches 
and under, and in feet and inches if greater 
than 72 inches. Where the blueprint calls 
for accurate machining with close toler- 
ances, the dimensions are usually given 
in inches and decimal fractions. This is 
the general practice in aerospace, auto- 
motive, electrical and electronic, machine 
tool, sheet metal, and similar industries. 
In the cabinetmaking, construction and 
structural industries, dimensions are giv- 
en in feet, inches and common fractional 
parts of an inch, 


299 40' — 


25952254 
29513013: 3 299 307 + 10” 


INDICATION ON INTERPRETATION 
PRINT OF TOLERANCE 


а р 
Fig. 11-6. Angular dimension and tolerance. 
ANGULAR DIMENSIONS are used on 


blueprints to indicate the size of angles 
in degrees (9) and fractional parts of a de- 


рАВтно a | в | 
[41-8706 | 625 | 1.00 | 


16 
ile 


8 1/2 REF 


Fig. 11-7. Dimension for reference only. 


gree, minutes (') andseconds ("). A com- 
plete circle contains 360°, one degree con- 
tains 60' (minutes) and one minute con- 
tains 60" (seconds). The size of an angle 
with the tolerance indicated is shown in 
Fig. 11-6(a) and the interpretation of the 
tolerance is shown in Fig. 11-6(b). 


REFERENCE DIMENSIONS are occa- 
sionally given on drawings for reference 
and checking purposes. These dimensions 
will be marked REF, Fig. 11-7. They will 
be without tolerance and are nottobe used 
for layout, machining or inspection oper- 
ations, 


TABULAR DIMENSIONS are used when 
a company manufactures a series of sizes 
of an assembly or part. Dimensions on the 


Fig. 11-8. Dimensioning a series of sizes. 
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Dimensions and Tolerances 


ФУ 


+ „010 


2875 = даб 


10-24 UNF-2B 
10 HOLES 


=> 


Fig. 11-9. Tabular dimensions. 


drawing are replaced by reference letters 
and a table on the drawing lists the corre- 
sponding dimensions, Fig. 11-8. 


Another use made of tabular dimen- 
sions is in the dimensioning of a part with 
а large number of repetitive features such 
as holes, Fig. 11-9. Running extension and 
dimension lines to each hole would make 
the drawing difficult to read. Instead, each 
hole or feature is assigned a letter ог пи- 
meral (or letter with numeral subscript) 
and the dimensions of the feature and the 
feature location along the X and Y axes are 
given in a table on the drawing, Fig. 11-9. 


ARROWLESS DIMENSIONING is fre- 
quently used on drawings which contain 
datum lines or planes, Fig. 11-10. This 
practice eliminates numerous dimension 
and extensionlines andimproves the clari- 
ty of the drawing. Arrowless dimensioning 
is especially useful on drawings of parts 
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which are to be machined on numerically 
controlled equipment (refer to blueprint on 
page 188). Arrowless dimensioning is also 
referred to as coordinate dimensioning or 
datum dimensioning. 


Fig. 11-10. Application of arrowless dimensioning. 
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Dimensions and Tolerances 


Blueprint Reading Activity 11-BPR-1 
DIMENSIONS AND TOLERANCES 


Refer to the blueprint іп Fig. 11- BPR-1 andanswer the following questions. 


1. Give the name of the part. 1: 
2. What is the drawing number? 2. 
3. What materialis required? 3. 
4. List the material size when issued? 4, 
5. What is the finished overall size (in- Ба 
clude upper corner point extension)? 
6. Give the overall size of the cutout for 6. 
A (see photos). 
7. What is the size of Ше counterbore q 
around the above cutout? 
8. Give the diameter of hole B and the 8. 
counterbore. 
9. What is the diameter of C? 9. 
10. Give the dimensions for the counter- 10. 
bore at D. 
11. Give the diameter of E. How many 11. 
holes are of this diameter? 
12. What is the distance between centers 12. 
of the two .75 diameter holes? 
13. What is the radius for the upper 154 
corner of the piece? 
14. From the far side, give the locating 14. 


dimensions for the feature at D. 


For additional Blueprint Activities for Unit 11 see pages 234 and 237. 
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Dimensions and Tolerances 


Blueprint Reading Activity 11-BPR -2 
DIMENSIONS AND TOLERANCES 


Refer to the blueprint in Fig. 11-BPR-2, andanswer the following questions. 


1. What is the name of the part? 1. 
2. Give Ше drawing number. Be 
3. What material is used? 3. 
4, Give the overall finished dimensions 4, 
of the part. 
5. Give the diameter of the bolt circle. 53 
Front 
6-9. Identify in the left side view the 6. V 
following lines and surfaces in (8 W 
the front views: 8. X 
9. № 
10. Give the limit dimensions for the 10. 
thickness of the part at X. 
11. Give the diameter and the depth 11, 
of the counterbore at T. 
12. What is the diameter and the depth 12. 
after grinding of the counterbore 
gu Se 
13. Give the diameter of the hole at Р. 13. 
14. What is the diameter and the depth 14. 
before grinding of the counterbore 
Si INR 
15. How far above the horizontal center 15. 1A 
line is hole: 1D 
16. How far to the right of the vertical 16. 
center line is hole 1B? Below the 
horizontal center line? 
17. What is the diameter at Z after 17. 


grinding? 
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Left Side 


Unit 12 


Sectional Views 


Sometimes it may be necessary to show 
more clearly the interior construction of 
an object than is revealed in the regular 
views of a drawing. This is done by passing 
an imaginary cutting plane through the ob- 
ject, removing the part of the object near- 
est the observer and permitting a direct 
view of the interior details, Fig. 12-1. 


Fig. 12-1. Imaginary cutting plane showing а 
sectional view. 
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When the sectional view is drawn, the 
material that is cut by the imaginary cut- 
ting plane is shown in "section." That is, 
crosshatch lines are drawn at an angle to 
further contrast and clarify the detail. 
Crosshatch lines like those shown in Fig. 
12-1 are used to indicate cast iron and 
malleable iron and are also used generally 
for all materials in section, Other mate- 
rials in section are shown on page 329, 


The material symbols shown in sec- 
tional views are used to clarify the draw- 
ing for the reader, not to designate aspe- 
cific composition of material. The materi- 
alspecification is listedinthe Title Block, 
Materials Block or in а note on the draw- 
ing. 


Crosshatch lines are usually drawn in 
at 45 deg. but may be at any angle as long 
as they are not parallel or perpendicular 
to one of the major visible lines outlining 
the sectional part. A sectional view may 
serve as one of the regular views on the 
drawing or it may appear as an additional 
view. 


In addition to showing internal con- 
struction and details, sectional views are 
also used to show the exact shape or con- 
tour of exterior parts which are not shown 
in the regular views suchas wheel spokes, 
handles, airplane propellers and wings. 


Sectional Views 


Types of Sections 


There are severaltypes of sections and 
each is designed for a specific purpose. 
These are discussed and illustrated here 
to familiarize you with their nature and 
purpose. 


Full Section 
When the cutting plane passes entirely 


through the object, the view is called a 
FULL SECTION, Fig. 12-2. 


Fig. 12-2. A full section. 


Note how much clearer the internal ае- 
tails of the sectional view appear than the 
right view with its invisible lines. Lines 
which are visible in the sectional view 
are shown, but invisible lines usually are 
omitted. 


Fig. 12-3. Half section. 
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Half Section 


Objects which are symmetrical (both 
halves are similar) may be drawn with 
one view as a half section and the remain- 
ing half as an externalview, Fig. 12-3. The 
cutting plane line is shown on the other 
view indicating the part which has been 
"removed" and the direction in which the 
section is viewed. 


Offset Section 
There are objects in which the essen- 


tial internal details do not appear on one 
straight line through the object such as in 


А 


1 


Fig. 12-4. Offset section. 


the full section. When this occurs, an off- 
set cutting plane line is drawn throughthe 
object toinclude the desiredfeatures which 
are shown on one plane in the sectional 
view, Fig. 12-4. 


Aligned Section 


The cutting plane line on an ALIGNED 
SECTION indicates the features of a part 
which are rotated to the path of the prin- 
cipal plane and projected to the sectional 


Blueprint Reading for Industry 


Fig. 12-5. Aligned sections. 


view, Fig. 12-5(a). The aligned section is 
also used to show spokes of a wheel and 
other unsymmetrical objects inabalanced 
or aligned position, Fig. 12-5(b). Spokes 
and arms inasectional view are not cross- 
hatched to distinguish between these and 
a solid web. 


26 
| 


Fig. 12-6. Auxiliary sections. 
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Auxiliary Section 


When the cutting plane is selected in 
parallel with the auxiliary plane, the view 
is called an AUXILIARY SECTION and is 
shown on the blueprint parallel to the aux- 
iliary view, Fig. 12-6. Any type of section 
found on regular views--full, half, broken- 
out, etc.--may also be found on auxiliary 
views. When a section is made of an aux- 
iliary and the portion extending beyond 
the section is not fully shown, the view is 
sometimes called apartial section, for ex- 
ample, Section AA, Fig. 12-6, Section BB 
in Fig. 12-6 could be called а removed sec- 
tion in auxiliary position. 


Broken-out Section 


When a small portion of а part is ех- 
posed to show the interior construction, it 
is known as a BROKEN-OUT SECTION, It 
is outlined by a freehand irregular line, 
Fig. 12-7. This type section also permits 
the showing of the exterior detail which 
may need to be preserved for clarity. 


Revolved Section 


Sectional views of objects which have 
a more or less uniform exterior shape or 


Sectional Views 


b OCTAGONAL STEEL BAR 


Fig. 12-7. Left. Broken-out section. Fig. 12-8. Right. Revolved sections. 


contour, such as wheel spokes and steel 
bars, are shown in place with the axes re- 
volved 90 deg., Fig. 12-8(a). To further 
clarify the view, the draftsman may break 
out the part in section, Fig. 12-8(b). 


Removed Section 


When a revolved section is removed 
from its place on the object and is shown 
in another place оп Ше drawing, itis known 


SEE DETAIL A 


S 


as a REMOVED SECTION. SeeSection BB, 
Fig. 12-6. Removed sections are frequent- 
ly used as DETAIL SECTIONS and shown 
in an enlarged view to clarify detail, Fig. 
ша 9- 


Thin Sections 


Where thin parts, such as plates, gas- 
kets, angles and channels are shownin sec- 
tion, the shape and thickness of the part 


1205 
DETAIL A 
SCALE 4-1 


Fig. 12-9. Removed detail section. 


Blueprint Reading for Industry 


CHANNEL 
a b 


Fig. 12-10. Thin sections. 


in the sectional view appears as a shaded drawings not to show fasteners and shafts 


solid, Fig. 12-10. in section when they occur in the cutting 
plane. They are usually more recognizable 


Parts not Shown in Section 
by their exterior features, as illustrated 


It is standard practice in industrial in Fig. 12-10(a). 
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Blueprint Reading Activity 12-ВРК-1 
SECTIONAL VIEWS 


= 


OFFSET SECTION AA 


HALF 
SECTION 


TITLE | TITLE 
STEEL WHEEL DWG. NO. DRILLING JIG DWG. NO. 
12512 12-18 


mi 


SEHE BROKEN OUT 
1 мл, 
TITLE Гэта 
| ою. NO. 
REAR WHEEL HUB 12-1С MOUNTING WHEEL BRACKET aste a 


Fig. 12-BPR-1. Complete the unfinished view in each problem above by sketching the type section required. 
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Sectional Views 


Blueprint Reading Activity 12-BPR-2 
SECTIONS 


Refer to the blueprint in Fig. 12-BPR-2 andanswer the study questions below. 


1. What is the name of the part? 15 
2. What is the print number? =. 
3. What are Ше generaltolerance limits? 3. 
4. What material is to be used? 4, 
9. Give the stock size of material. 9. 
6. What is the scale of the original plan? 6. 
7. Тће general shape of the part is: 12 
8. What type of a section is shown? 8. 
9. Surface D in the front view is repre- 3, 
sented by what line in the right side 
view? Surface E? Line G? 

10. The draftsman has used the section 10. 
lining generally used for all materi- 1 
als. Sketch the section lining for steel. 

11. Give the diameter of the hole thru the 11. 
part. How is this to be machined? 

12. The draftsman has chosen to elimi- 12. 
nate all hidden lines. (а) Why? (b) There 
arefour surfaces or edges which could 
have been represented. Identify these. 

13. Give the overall length of the part. Цар 
14. What is the measurement across the (14. 
(a) hex. flats? (b) the width of the flat? 

15. Give the thread specification. 15. 
16. What is the diameter of H? 16, 


For additional Blueprint Activities for Unit 12 see pages 238 and 241. 
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Sectional Views 


Blueprint Reading Activity 12-BPR-3 
SECTIONS 


Refer to Fig. 12- BPR-3 and answer the following questions. 


1. Give the name of the part. Це 
2. What is the number of the print? ор 
3. What general tolerance limits are 3. 
шил? 
4. List the material to be used. 4, 
5. What is the scale of the original plan? 5. 
6. What is the general shape of the part? a 
7. What type of section is the front view? To 
8. Give the line or surface in the front 8. 
view that represent the following in 
the left side view: 
9. Give the overall dimensions of the noz- OR 
zle: (a) length, (b) diameter. 
10. Give the dimension of feature A. 10: 
11. What is the diameter of H? J? lila 
12. Give the dimension of J expressed as 12. 
tolerance limits. 
13. What angle does L make with the cen- 13. 


ter line? 
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Unit 13 


Pictorial Drawings 


Pictorial drawings show an object much 
as it would appear in a photograph- - as if 
you were viewing the actual object, F'ig. 
13-1. Severalsides ofthe object are visible 
in the one pictorial view. Pictorial draw- 
ings are quite easy to understand. They 
can be used in making or servicing simple 
objects but are usually not adequate for 
complicated parts. 


You will find the technique of pictorial 
sketching useful in helping you to visualize 
two and three view orthographic drawings 
as well as in communicating yourideas on 
technical problems to others. 


Fig. 13-1. A pictorial assembly drawing. 
(National Lock) 
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There are three common types of pic- 
torial drawings in generaluse: (1)Isomet- 
гіс (1. во. met'rik), (2) Oblique (ob. lek!) 
(Cavalier and Cabinet), and (3) Perspective 
(рег. spek- Пу). A fourth type is the ex- 
ploded pictorial drawing whichis aspecial 
use of one of the three more commontypes. 


Isometric Drawing 


Isometric drawings are used more of- 
ten than the other types of pictorialdraw- 
ings and sketches because direct measure- 
ments can be used in their construction. 
Although they have more ofa distorted ap- 
pearance than perspective drawings, they 
are more easilyconstructed. Anisometric 
drawing is constructed with its two faces 
projected at angles of 30 deg. with the hori- 
zontal, Fig. 13-2. 


The dark lines forming a Y inthe center 
of the drawing are equally spread at 120 
deg. between each set and are known as the 
isometric axes, Fig. 13-2. Because ofthis 
equal spread, the same scale of measure 
is used along each axis. The word "іво- 
metric" means equal measure - - іп this 
type drawing, equal measure on all axes. 


Lines that are horizontal in an ortho- 
graphic drawing are drawn at an angle of 
30 deg. in an isometric drawing and verti- 
callines remain vertical, Slant lines (non- 
isometric lines) are drawn by locating 


PROCEDURE FOR CONSTRUCTING 
AN ISOMETRIC SKETCH: 


Есі 
• 


Given3-views of a V-block, Fig.13-3(a). 
2. Select the position of the object to best 
describe its shape. 
3. Start the sketch by laying out the axes 
for the lower corner, Fig. 13-3(b). 
4. Make overall measurements in their 
А true length оп the isometric axes огоп 
30° 30° lines parallel to the axes, Fig. 13-3 (с). 
5. Construct a "box" toenclose the object, 
Fig. 13-3(а). 
Fig. 13-2. Isometric axes. 6. Sketch the isometric lines of the object, 
Fig. 13-3(e). 
their end points on the isometric axes and 7. Sketch the nonisometric lines (slant 


connecting the two points. lines) by first locating the end points of 
these lines and then sketching the line 
Constructing an Isometric Sketch between, Fig. 13-3(f). 
8. Darken all visible lines and erase the 
Let's look at the steps in constructing construction lines to complete the iso- 
an isometric sketch in Fig. 13-3. metric sketch, Fig. 13-3(g). 


Ах В--Ү--- 


Mes C | 


Pe 


Fig. 13-3. Steps in constructing an isometric sketch. 
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ORTHOGRAPHIC 2 | | 
VIEW OF CIRCLE Я B d 


Fig. 13-4. Steps in sketching an isometric circle. 


Invisible lines are not shown in iso- to 


Sketch circles and arcs in Unit 4, ex- 


metric views unless required to clarify cept you start with an isometric square, 


drawing details. 


PROCEDURE FOR SKETCHING 
ISOMETRIC CIRCLES: 


be 


Fig. 13-5. Sketched isometric circles. 4 


Circles and Arcs in Isometric 


Circles and ares in isometric are pla 
Sketched in the same manner you learned ma 


l 4 
Р. 
шан 
ORTHOGRAPHIC a b 
VIEW OF ARC 


Sketch an isometric square to enclose 
location of circle, Fig. 13-4(a), 


. Locate the midpoints of the sides of the 


isometric square and connect these 
midpoints, Fig. 13-4(b). 


. Locate the midpoints of the triangles 


formed and then sketch isometric arcs 
through each to form a circle, Fig. 
13-4(с). 


. Erase construction lines and darken 


circle, Fig. 13-4(d). 


Circles may be sketched in all three 
nes of the isometric drawing inthe same 
nner, Fig. 13-5. 


Fig. 13-6. Sketching an isometric arc. 
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Pictorial Drawings 


PROCEDURE FOR SKETCHING 
AN ISOMETRIC ARC: 


. Lay off the radius of the arc from the 
corner, Fig. 13-6(a). 


2. Draw a slant line connecting the two 
points, forming atriangle, Fig. 13-6 (b). 
3. Locate midpoint of triangle and sketch 


an arc through this point to join smooth- 
ly with sides, Fig. 13-6(c). 

Erase construction lines and darken 
arc, Fig. 13-64). 


Isometric Dimensioning 


The dimension lines on an isometric 
drawing or sketch are parallel to the iso- 
metric axes, and extension lines are ex- 


4% 


Fig. 13-7. Ізотеігіс dimensioning. 


tended in line with these axes, Fig. 13-7. 
Note that the dimension figures are also 
aligned with the isometric axes. 


Sketching Assignment 13-BPR -1 
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Fig. 13-BPR-1. Make an isometric sketch of the Timing Pointer. Omit the dimensions. 
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Sketching Assignment 13-ВРК-2 
MOTOR BRACKET 


T DRILL 4 HOLES 


Fig. 13-BPR-2. Make an isometric sketch of the Motor Bracket. Dimension your sketch. 


Oblique Drawing 
The oblique drawing is drawn with the 


front face in its true shape and size (un- 
less reduced or enlarged) just as іп ortho- 


459 


лыг 


Fig. 13-8. Ап oblique drawing. 


graphic projection. This is an advantage 
when the front view contains circles or 
arcs which can be represented as true cir- 
cles and arcs. However, the top and side 
view are projected back from the front 
view at an angle, usually 45 deg., and this 
tends to give a distorted appearancetothe 
drawing, Fig. 13-8. 


There aretwoprincipaltypes of oblique 
drawings -- cavalier and cabinet, 


Cavalier Oblique 


Cavalier oblique drawings are drawn 
with their receding sides to the same scale 
as the front view, Fig. 13-9(a). This cre- 
ates a severe distorted appearance but 
does have the advantage of usingone scale 
throughout. 
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Pictorial Drawings 


Cabinet Oblique 


Cabinet oblique drawings differ from 
the Cavalier only bythe fact that measure- 
ments made on the receding axes are re- 
duced by half. This gives à much more 
pleasing appearance, Fig. 13-9(b), and is 
frequently used in the drawing of cabinet 
work. 


= Нэрт 


САУАШЕВ CABINET 
а b 


Fig. 13-9. Types of oblique drawings. 


Circles and Arcs in Oblique 


Circles and arcs in oblique are sketched 
as true circles or arcs in the front plane 
as mentioned earlier, Fig. 13-10. When 
these occur in the receding planes, they 


Fig. 13-10. Sketching oblique circles and arcs. 


are sketched in the same manner as iso- 
metric circles and arcs. Fig. 13-10 illus- 
trates the procedure for sketching oblique 
circles and arcs. 


PROCEDURES FOR SKETCHING 
OBLIQUE CIRCLES AND ARCS: 


1. Sketch an oblique square tocontain cir- 
ele, mie, 12-10. 

2. Locate midpoints of sides ofthe oblique 
square and connect these midpoints, 

3. Locate midpoints of triangles and sketch 
oblique circles or arcs through these 
midpoints to join smoothly with sides of 
oblique square. 

4, Erase construction lines and darken 
circles or arcs. 


The procedure is the same for circles 
and arcs in cabinet oblique as it is for 
cavalier oblique. 
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Fig. 13-11. Dimensions on a cavalier oblique drawing. 


Oblique Dimensioning 


Oblique dimensioning must be done in 
the same plane as the surface or feature 
appears just as in isometric dimension- 
ing. Fig. 13-11 illustrates the placement 
of dimensions on a cavalier oblique draw- 
ing. 
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Sketching Assignment 13-ВРК-3 
MOTOR BRACKET REST 


MOTOR BRACKET REST 


Fig. 13-BPR-3. Make a cavalier oblique sketch of the Motor Bracket Rest. Do not dimension. 


Sketching Assignment 13-BPR -4 
COUPLING 
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Fig. 13-BPR-4. Make a cabinet oblique sketch of the Coupling. Dimension the sketch. 
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Pictorial D rawings 


Perspective Drawing 


The perspective drawing is the most 
realistic of all the pictorial drawings. In- 
stead of the receding lines remaining par- 
allel as they do in theisometric or oblique 
drawings, recedinglinesinthe perspective 
drawing or sketch tend to converge (meet 
at one point), Fig. 13-12. This eliminates 
entirely the distorted appearance which 
occurs at the back part of most other pic- 
torial drawings. 
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Fig. 13-12. Perspective drawing. 


Two types of perspective sketches are 
discussed and illustrated here to assist 
you in developing the technique of per- 
spective sketching: parallel and angular 
perspective. 


Parallel or Single-Point Perspective 


When one face of an object appears in 
its true shape and size (unless reduced or 
enlarged) and is parallel to the picture 
plane as in orthographic projection, the 
perspective is known as parallel or single- 
point perspective. That is, lines parallel 
to the front picture plane remain parallel 
and the receding lines of the other two faces 
converge in the direction of a single van- 
ishing point, Fig. 13-13. 
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VANISHING POINT —4 


HORIZON LINE 
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Fig. 13-13. Parallel ог single-point perspective. 


PROCEDURE FOR SKETCHING A 
PARALLEL OR SINGLE-POINT 
INED DECIES 


1. Sketch the front view in its true size 
and shape as іп an orthographic sketch, 
Fig. 13-14(a). 

2. Sketch horizontal line (called Horizon) 
at the assumed eye level of the viewer. 
This line may be above, behind or be- 
low the object, depending on how you 
want to view the object, Fig. 13-14(b). 

3. Select vanishing point (VP) onthe hori- 
zon as far to the right or left as de- 
sired, Fig. 13-14(c). 

4, Sketch lines from front viewto VP, Fig. 
13-1444). 

5. Enclose object in "ох" by sketching 
rear vertical and horizontal lines, Fig. 
13-14(d). To estimate depth of side and 
top view, reduce these distances by 
about one-half and adjust untilit pleases 
the eye. 

6. To sketch slant lines, locate their end 
points on the perspective axes and 
Sketch lines between, Fig. 13-14 (е). 


HORIZON 
b 


f 


VANISHING РОМТ - 
ҮР 


E 


C 
(aum 


9 


Fig. 13-14. Steps in sketching a parallel ог single-point perspective. 


. Block in features such as slots and 


holes, Fig. 13-14(e). 
. Sketch circles and arcs, Fig. 13-14(f). 


. Darken visible lines and erase con- 


struction lines, Fig. 13-14(g). 


Angular or T wo-Point Perspective 


The angular or two-point perspective 


gets its name from the fact that the two 
side faces of the object meet the front 
picture plane at an angle and recede to- 
ward two vanishing points on the horizon, 
Pig, gc 


PROCEDURE FOR SKETCHING AN 
ANGULAR OR TWO-POINT 
PERSPECTIVE: 


1. Sketch horizontal line (horizon) at the 


assumed eye level of the viewer. This 
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line may be above, behind or below the 
object, depending on the level from 
which you want to view the object, Fig. 
13-15(а). (See Fig. 13-16 for perspec- 
tive view with horizon below the object.) 


. Select position in which object is to be 


viewed and sketch verticalline for front 
corner of "ох" to enclose object, Fig. 
13-15(b). 


. Establish right and left vanishing points 


on horizon, Fig. 13-15(c). If the object 
is to be positioned so as to view equally 
the two sides, then the vanishing points 
will be equidistant on each side of the 
object. If one side is to be favored, the 
vanishing point for that side willbe ex- 
tended out and the vanishing point onthe 
other side will be shortened. Both VP's 
must remain onthe line of horizon, how- 
ever. 


. Sketch receding lines from front verti- 


Pictorial Drawings 


ше с HORIZON с--->МРЕ 


Fig. 13-15. Steps in sketching ап angular ог two-point perspective. 


cal line to thetwo vanishing points, Fig. holes, Fig. 13-15(g). 

13-15(d). 8. Sketch circles and arcs, Fig. 13-15(h). 
5. Enclose object in "box" by sketching 9. Darken visible lines and erase con- 

rear vertical lines, Fig. 13-15(e). To Struction lines. 


estimate depth of side and top views, 
reduce these distances by about one- Circles and Arcs in Perspective 
half and adjust until it pleases the eye. 


6. Sketch slant lines by locating two end Circles and arcs in perspective are 
points on the perspective axes and sketched in the same way as isometric 
Sketch lines between, Fig. 13-15(f). circles and arces by sketching first the 


7. Block in features such as slots and perspective square or block and then join- 


HORIZON (BELOW OBJECT) 


VP VP 


Fig. 13-16. Perspective view with horizon below object. 
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Fig. 13-17. Sketching perspective circles and arcs. 


ing the midpoints of the sides to form 
triangles. The perspective circle or arc 
is then sketched through the midpoints of 
the. sides and the center of the triangles, 
Fig. 13-17. 


Exploded Pictorial Drawings 


Exploded view drawings are used to 
show relative position of parts, Fig. 13-18. 
They are particularly helpful in assem- 
bling complicated objects when a definite 
sequence of assembly must take place. An- 
other typical use is in appliance service 
manuals. 


OUTSIDE FEEDING ARRANGEMENT 
FOR 23" CAPACITY MACHINES 


PARTS LIST 
Index 
No. Part No. Part Name 
1 42-20325 Feed Bracket Plunger (Includes 2, 7, 8 and 10) 
2 91-70-66 Feed Latch Knob 
3 42-20304 Bearing Oil Shield 
4 432-12 Feed Roll Ball Bearing 
5 42-20304 Bearing Ой Shield 
6 42-20305 Feed Tube Nut 
У 92-1000-1228-22 Feed Latch Spring 
8 42-7415 Retaining Plunger 
8 42-20324 Feed Bracket 
10 92-900. 312 Feed Latch Plunger Pin 
11 472-238 Adiusting Nut Set Screw 
e 42-20309 Feed Bracket Support 
13 42.20328 Ball Thrust Nut 
14 42-20330 Adjusting Nut 
15 710-36224-226 Outside Master Feed Finger Pad 
16 42-2501 Feed Ball Retainer 
7 91-100.116 Feed Ball Retainer Spring 
18 91.100-284 Pad Spring 
19 42-20329 Outside Master Feed Finger Body 
(Includes 3, 4, 5, 6, 14, 1S and 18) 
“го 42.20327 Feed Bracket Fulcrum 
"21 92-6071-2020 Feed Bracket Fulcrum Nut 
22 92-5391.1232 Feed Bracket Fulcrum Set Screw 
23 92-6015-1214 Feed Bracket Fulcrum Set Screw Nut 
724 42-20327 Feed Bracket Fulcrum 
225 92-6071.2020 Feed Bracket Fulcrum Nut 
26 92-5100-808 Feed Rod Set Screw 
27 42-15645 Feed Rod Knob 
2B 92-5100-В0В Feed Rod Set Screw 
529 92.900-844 Feed Bracket Fulcrum Pin 
*30 92.900-844 Feed Bracket Fulcrum Pín 
31 42-20326 Feed Rod Complete (Includes 27 and 32) 
32 42-20455 Feed Rod End 
3з 4220443 Pusher Cap Chain 
34 42-20442 Bar Pusher Cap 


* Furnished with Stock Loader 


Fig. 13-18. An exploded pictorial drawing. 
(Brown and Sharpe) 
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Sketching Activity 13-BPR-5 
OIL STONES 
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Fig. 13-BPR-5. Make a parallel perspective sketch of the Oil Stones. Do not dimension. 
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Sketching Activity 13-ВРК-6 
LOCK HOUSING 


2.000 


LOCK HOUSING 


Fig. 13-BPR-6. Make an angular perspective sketch of the Lock Housing. Dimension the sketch. 


For Evaluation Blueprint Activity for Part 2 see page 311. 
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Industry photo. 


Thousands of blueprints are needed to make and assemble modern aircraft. 


(McDonnell Douglas) 
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PART 3 
TITLE BLOCK, MATERIALS, 
NOTES AND DRAWING CHANGES 


Unit 14 


The Title Block 


The purpose of the title block is to pro- 
vide supplementaryinformation on the part 
or assembly to be made and to include in 
one section of the print, information which 
will aid in identification and filing of the 
print, The title block is usually located in 
the lower right-hand corner of the blue- 
print so that, when the print is correctly 
folded, the title block may be seen for easy 
reference and for filing in a storage file. 


Title Block Elements 


Title block information whichis includ- 
ed on plans by mostindustries is explained 
in this unit in order that you may properly 
interpret this section of ablueprint. 


E 
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г | K-139 | юмз20о NONE Q OR. 
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THE DRAWING NUMBER is used to 
identify and control the blueprint. It is also 
used to designate the part or assembly 
shown on the blueprint, Fig. 14-1(A). The 
number is usually coded to indicate depart- 
ment, model, group, serial number and 
dash numbers. 


DASH NUMBERS (a number preceded 
by a dash after the drawing number) indi- 
cate right- or left-hand parts as well as 
neutral parts and/or detail and assembly 
drawings. When coded, these are usually 
special to the particular industry and are 
not universally applicable to allindustries, 
The drawing number may be repeated at 
the fold portion of the sheet or іп Ше upper 


AEROSPACE INC. 
ANYCITY, ANYSTATE 


BEARING, DRIVESHAF 


CODE IDENT. МО. 


(С) ооооо 


Fig. 14-1. Title block elements. 
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The Title Block 


left-hand corner (in an inverted position) 
so the print may be easily located in the 
file drawer should it be filed upside down. 


THE DRAWING TITLE is descriptive, 
brief and clearly statedinits identification 
of the part or assembly, Fig. 14-1(B). The 
title starts with the name of the part or 
assembly, followed by descriptive modi- 
fiers, Fig. 14-2. 


VALVE ASSY, PRESSURE REGULATING 


| ВА51С МАМЕ DESCRIPTIVE MODIFIERS | 


COMPLETE TITLE 


Fig. 14-2. Components of a drawing title. 


The title is read with the descriptive 
modifiers first - - PRESSURE REGULAT- 
ING VALVE ASSEMBLY. 


SHEET: The sheet numbering is used 
on multisheet blueprints to indicate the 
consecutive order and the total number of 
prints, Fig. 14-1(C) 


SIZE: Drawings are prepared on stan- 
dard size sheets, Fig. 14-3, in multiples 
of 8.5 x 11 and9 х 12 inches and are desig- 
nated by letter to indicate size as shown 
in Fig. 14-1(D). 


LETTER AMERI CAN 
SIZE STANDARD 


А ІІ c 9 х 12 


culated weight is used during design stages 
to control weight of finished part or assem- 
bly. Actual weight is obtained after manu- 
facture of part or assembly. 


SCALE: The drawing scale indicates 
the comparative size between the part as 
drawn and the actual part. Typical scale 
notations are: 1/2" - 1" (one-half actual 
size), FULL (actual size), 1:1 (actualsize) 
and 2:1 (twice size), Fig. 14- 1(F). Whenthe 
scale is shown as NOTED, it means that 
several scales have been used in making 
the drawing and eachis indicated below the 
particular view to which it pertains. 


Measurements on a blueprint should 
NEVER be used because the print may have 
been reduced in size or stretched. Work 
from the dimensions given on the print. If 
you believe these to be in error, report it 
to your supervisor. 


CODE IDENTIFICATION NUMBER is a 
number assigned to the industry by the De- 
partment of Defense, Fig. 14-1(G). Notall 
industries have such a number. 


SIGNATURES: This block is for the sig- 
natures and date of release by those who 
have responsibility for making or approv- 
ing all or certain facets of the drawing or 
the manufacture of the part, Fig. 14-1(H). 


DRAWN carries the signature of the 
draftsman who made the drawing and 
the date completed. 


Ёл | r 

ШО 1.7717 ж 2278) 17 

7x22 or 18 х 24 | 17х22 

ШТ а = 24 36 22 x 34 
r 


CHECK is for Ше engineer who checked 
the drawing for completeness, accu- 
racy and clarity. 


34 x 44 or 36 x 48 
к — ] 
CR AB x ANY LENGTH 


Fig. 14-3. Standard size drafting sheets and prints. 


DESIGN: This line is for the engineer 
who has the responsibility for the de- 
WEIGHT: This block provides either the sign of the part. 
actual or calculated weight of the part or 
assembly as indicated, Fig. 14-1(E). Cal- 
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STRESS is the place for the engineer 


Blueprint Reading for Industry 


who ran the stress calculations for Ше 
part. 


MA'TERIALS is where the personsigns 
whose responsibility it is to see that 
the materials needed to make the part 
are available. He alsoindicates the day 
on which these calculations were made. 


PRODUCTION: This is where the engi- 
neer who approved the producibility of 
the part approves the drawing. 


SUPERVISOR: The person in charge of 
drafting indicates his approval and date 
in this block. 


APPROVED: These lines are to record 
any other required approvals. 


TOLERANCES: This block indicates the 
general tolerance limits for one, two and 
three place decimal and angular dimen- 
sions, Fig. 14-1(1), These limits are appli- 
cable unless the tolerance is given along 
with the dimension callout. 


HEAT TREATMENT: The heat treat- 
ment andhardness requirements are spec- 
ified in this block, Fig. 14-1(J). Theentry 
could be AS REQUIRED or NOTED which 
means the part must conform tothe speci- 
fication block notation or to the callout on 
the drawing detail. If heat treatmentis not 
required, the word NONE or a diagonal 
line is entered in the block. 


FINISH: General finish requirements 
(paint, chemical or other) are indicatedin 
this block, Fig. 14-1(K). Specific finish re- 
quirements would be acalloutonthe draw- 
ing with the word NOTED in the finish 
block. 


APPLICATION BLOCK: The purpose of 
the application block (sometimes calledthe 
USAGE BLOCK) istoassistin determining 


the equipment in which the part or assem- 
bly shown onthe drawingis used. The block 
reveals the diversity of uses a part or an 
assembly may have, and this aids in de- 
termining the effects of a change in the 
part or assembly. 


NEXT ASSEMBLY indicates the num- 
ber of the next drawing or assembly оп 
which the part or subassembly is tobe 
used, Fig. 14-1(L). 


USED ON indicates the model number 
on which the part or assembly is used. 


QUANTITY REQUIRED PER ASSEM- 
BLY: The column NEXT tells the quan- 
tity of each part required to make the 
subassembly. The column FINAL lists 
the total number of units required per 
final assembly or completed product, 
such as an aerospace vehicle. 


DASH NUMBER: The dash numbers and 
other detail parts numbers required are 
included in this block on assembly draw- 
ings, Fig. 14-1(M). They occur innumeri- 
cal order. No entries are required on de- 
tail drawings. 


SECURITY CLASSIFICATIONS:In some 
industries, prints are classified for se- 
curity reasons, Fig. 14-1(N). When this is 
the case, security classification markings 
are placed outside the border below the 
title block and at the top of the sheet. These 
markings will be indicated to you by the 
industry where you work, 


ZONING is used on larger size blue- 
prints to aid in locating details or parts. 
The system is similar to that used on high- 
way maps as an aid in locating cities and 
points of interest. Zones are indicated out- 
side the border, numerically at intervals 
from right to left and alphabetically from 
bottom to top, Fig. 14-4. 
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Fig. 14-4. Zoning on blueprints. 


The Title Block 
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OTHER LISTINGS: A few industries will 
include information indicating the drawing 
has been SUPERSEDED BY or drawing SU- 
PERSEDES. These blocks show the draw- 
ing number and issue of the drawings af- 
fected. CUSTOMER for whom product is 
being made is sometimes listed as is the 
CONTRACT NUMBER, STANDARDS USED 
FOR INSPECTION may be used torefer to 
specific sets of inspection standards used 
by the company. 


When a block contains a diagonal line 
or is X'd out, this means the item is not 
required, 
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Blueprint Reading Activity 14-BPR-1 
TITLE BLOCK 
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Fig. 14-BPR-1. Refer to the title block above and answer the following questions. 


CODE IDENT / 
Pa ber 


1. What is the name of the part or assem- Als 
bly as it would be read? 
Give the drawing number. 2 
How many sheets are in the set? 3 
To what scale was the drawing made? 4. 
What general toleranceis required Гог 5 
a drilled hole 1/4 in. in diameter? 
6. The general tolerance for: 6. а 
a. Three place decimals. b. 
b. Fractions. 2 
c. Angles. 
7. How would tolerances which are dif- T. 
ferent from those inthe generaltoler- 
ance block be indicated? 
8. What heat treatment is specified? 8. 
9. What would a diagonal line in a block 9. 
indicate? 
10. How is the finish specified? 10. 
11. What is the meaning of NOTED ina 11. 
block? 
12. How many of the Support-Hinge, No. 12. 
265-230428 are used on Model T-39B? 
13. What blueprint would contain the as- 18) 
sembly application ofthis partto Mod- 
el T-39B? 
14. Inspection is to be done per what stan- 14. 
dard? 


сл н бо P 


For additional Blueprint Activities for Unit 14 see pages 242 and 245. 
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1. Give the name of the assembly. 
2. What is the drawing number? 

3. How many sheets are in the set? 
4. 

5. What size drawing was made? 

6, List the general tolerances. 

7. How many individuals have signed in- Hundredths 


The Title Block 


Blueprint Reading Activity 14-BPR-2 
TITLE BLOCK 
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Fig. 14-BPR-2. Refer to the title block above and answer the following questions. 


Give the scale of the drawing. 


(өр) (Әл pes CH iw) = 


. Tenths | —— Thousandths 
Angles 


dicating their approval of the drawing 
besides the draftsman? Ка 
What finish is specified? 8. 
The drawing is to be interpreted ac- 


cording to what standard? Ја 


What is the next assembly on which 10. 
dash number — 101 is used? 

What is the model number on which 11. 
— 101 is used? How many are required 

on the final assembly. 
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Unit 15 
List of Materials 


The List of Materials isatabular form 
usually appearing immediately above the 
title block on the print. Itis used primarily 
for assembly or installation drawings and 
provides specific information on quantity 
and types of materials used in the manu- 
facturing and assembling of parts of ama- 
chine or structure. Тһе blockis sometimes 
called PARTS LIST, MATERIALS LIST, 
BILL OF MATERIALS, or SCHEDULEOF 
PARTS. 


GLIDE 


B 
sn 
кені 
EN 
[S[CHANNEL | — 
[557-1843 [5 BASE | [AL ALYGOGI-O| S457 8-MX2O | 
рака 
БЭЛ 
тээ 
раа 


B нэт . 
7557-8007 [і [SLIDE сн ASSY 

| NOMENCLATURE 
OR DESCRIPTION 


The List of Materials enables a pur- 
chasing department to requisition the quan- 
tity of materials needed to produce а given 
number of the assemblies. | 


The following items are usually includ- 
ed in the List of Materials. 


NUMBER REQUIRED PER ASSEMBLY: 
In Fig. 15-1, the columns marked А are 
used to indicate the number of parts re- 


ACETAL RESIN 
AL ALY 6061-0 | 545 7 5-@XI5 


MATERIAL MATERIAL SPECIFICATION 
SIZES, NOTES, SUPPLIERS 


Е 
== 
за 


©) 


Fig. 15-1. List of Materials block on a drawing. 
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List of Materials 


quired for an assembly. When the letters 
AR are found in the column instead of a 
number, it means AS REQUIRED, The col- 
umn on the right is used for the basic as- 
sembly which is listed on the first (bot- 
tom) line. When dash-numbered assem- 
blies are required in the basic assembly, 
columns are added for these assemblies 
on the left and the quantity of each part 
required is recorded in the appropriate 
column on lines above those used for the 
basic assembly. 


PART ORIDENTIFICATION NUMBER: 
Dash numbers and other detailparts num- 
bers required for the assembly are shown 
in Fig. 15-1(B). All company and subcon- 
tractor manufactured parts' numbers are 
listed in the List of Materials block. Stan- 
dard parts, such as bearings, bolts and 
Screws are listed by number. Rivets usu- 
ally are not listed in the block. 


NOMENCLATURE OR DESCRIPTION: 
When the main assembly is listed on the 
first line of the List of Materials, frequent- 
ly, the only entry is the part number and 
sometimes ай abbreviated name, Fig. 15-1 
(C). The names of allother subassemblies 
and parts are usually limited to the basic 
noun (lines 3 through 8). 


CODE IDENTIFICATION NUMBERS: 
Column D gives the industry code of the 
supplier if the part is purchased from the 
outside. 


MATERIAL: This column contains the 
commercial name of the material used in 
making the part, Fig. 15-1(E). 


MATERIALS SPECIFICATION, SIZES, 
NOTES, SUPPLIERS: Column F furnishes 
the commercial specification and stock 
size of the material and is frequently re- 
ferred to as the procurement specification. 
The names and addresses of manufactur- 
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ers of purchased parts are sometimes in- 
cluded here. 


UNIT WEIGHT: Column G gives the ac- 
tual weight of the part when required by 
contract. 


DETAIL CALLOUT is the name and 
number of each part оп ап assembly draw- 
ing that appears adjacent to the part on the 
face of the drawing, Fig. 15-2. 


= 
d ___ 


Fig. 15-2. A detail callout on an assembly drawing. 


This is the only information that is du- 
plicated in the "detail callout" andthe List 
of Materials block. Occasionally, part di- 
mensions are given in the detail callout 
and when this occurs, they are true dimen- 
sions which are not found elsewhere onthe 
drawing. Dimensions in the List of Mate- 
rials are "stock sizes" as noted earlier. 

ADDITIONAL LISTINGS: Some indus- 
tries further detailthe.materialspecifica- 
tions by adding columns for size: DIAME- 
TER, THICKNESS, WIDTH and LENGTH 
of material. TENSILE STRENGTH (TS/ 
1000/PSI) is required for some manufac- 
tured parts and an entry of 42 in this col- 
umn would mean the material must have 
a tensile strength of 42,000 pounds per 
square inch. 


Blueprint Reading for Industry 


Notes which concern INTERCHANGE- 
ABILITY and REPLACEABILITY and are 
sometimes placed in a column to indicate 
parts that are interchangeable with parts 
in other models, and parts that are likely 
to wear rapidly and need replacement. ВЕ- 
PLACEMENT PARTS is another designa- 


tion for replaceability and is anindication 
that additional parts must be stocked, 


ZONE: Detail parts on size Dandlarg- 
er prints may be located by a zone desig- 
nation code for ease in locating the parts 
on prints. 


Fig. 15-BPR-1. Industry blueprint. 
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List of Materials 


Blueprint Reading Activity 15-BPR-1 
LIST OF MATERIALS 


Refer to Fig. 15- BPR-1 and answer the questions below. 


1. What is the drawing title? 1: 
2. What is the drawing number? 2. 
3. How many sheets are in the set? 3. 


4. What is the block called that lists the 4, 
materials? 


5. How many different parts are listed? Do 
6. Give the name of item No. 4. br 


7. For the Channel Extrusion, give the 7. (a) 
(a) material and (b) material specifi- (b) 
cation. 


8. What is the name of Part No. 557- 8, 
21000-1105? 


9. Give the (a) material and (b) specifi- 9. (а) 
cation for Ше Receiver Deck. (b) 


10. Give the (a) quantity required, (b) part 10. (a) 
name, and (c) specification for Part (b) 


Мо, 1К5-832-2. (c) 


11. What is the (a) part name, and (b) ma- 11. (а) 


terial specification for item No. 24. (b) 
12. Give the (a) part Мо. and (b) the speci- 12. (а) 
fication for Ше Sealant.* (b) 


* AR in the QTY REQUIRED column means AS REQUIRED. 


For additional Blueprint Activities for Unit 15 see pages 246 and 249. 
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List of Materials 


Blueprint Reading Activity 15-BPR-2 
LIST OF MATERIALS 


Refer to Fig. 15- BPR-2 and answer the questions below. 


. What is the name of the part? йг 


. What is the print number? 


2. 
. What is the scale of the original рап? 
3. 
. What is the name of the block called 
that lists the materials? 4. 
. How many different parts are listed? 5. 
. What is item 2 and how many are ге- 6. 
quired for this assembly? What is to 
be done with it? 
. Give the name ofthe part and the spec- 7. 
ification for item 12. 
. Name the part and give the specifica- 8. 
tion for item 15. 
. How many of item 16 arerequired and oF 


what material is called for? 
. What is the print number іп the appli- 10. 


cation block on which this assembly 15 
used? How many are required? 
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Unit 16 
Drawing Notes 


Notes on drawings provide information 
and instructions which supplement the 
graphic presentation as well as the infor- 
mation in the title block and list of ma- 
terials. Notes eliminate numerous repe- 
tition on the face of the drawing, such as 
the size of holes to be drilled, type fas- 
teners to be used, removal of machining 
burrs, etc. 


When notes become too extensive, as 
often is the case in architectural and struc- 
tural drawings, they are typed or printed on 
separate sheets and included along with the 
set of drawings - - hence, the term DRAW- 
INGS and SPECIFICATIONS. 


Types of Notes 


Notes are classified as GENERAL or 
LOCAL depending on the application. 


GENERAL NOTES are notes which ap- 
ply to the entire drawing and are usually 
placed either above or to the left of the 
title block in a horizontal position. Gener- 
al notes are not referenced in the list of 
materials nor frorn specific areas of the 
drawing. Some examples of general notes 
are given in Fig. 16-1, 


When there are exceptions to general 
notes on the field of the drawing, the gen- 
eral note will usually be followed by the 
phrase EXCEPT AS SHOWN or UNLESS 
OTHERWISE SPECIFIED, These excep- 
tions will be shown by local notes or data 
on the field of the drawing. 


LOCAL NOTES or specific notes apply 
only to certain features or areas and are 
located near, and directed to, the feature 
or area by a leader, Fig. 16-2. 


1. THIS PART SHALL BE PURCHASED ONLY FROM SOURCES 
APPROVED BY THE ENGINEERING DEPARTMENT. 


. REMOVE BURRS. 
. FINISH ALL OVER. 


л R со ка 


. BREAK SHARP EDGES .030 R UNLESS OTHERWISE SPECIFIED. 


. METALLURGICAL INSPECTION REQUIRED BEFORE MACHINING. 


Fig. 16-1. Examples of general notes on drawings. 
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Drawing Notes 


375 DRILL-6 HOLES 


Fig. 16-2. A local note directed to feature. 


Local notes may also be referenced 
from the field of the drawing or the list of 


/N .03 х 459 CHAMFER, 


/ж 875 DIA. SPOTFACE. 


materials by the note number enclosed in 
an equilateral triangle (sometimes called 
a FLAG), Fig. 16-3. 


A SPOTWELD IN ACCORDANCE WITH MIL—W-6858. 


Fig. 16-3. Local note reference. 


Some examples of localnotes are given 
im mie 16-4. 


/ж THIS SURFACE TO BE FLAT WITHIN .003 TOTAL. 


ЈА 3 HOLES EQUALLY SPACED AND LOCATED WITHIN .001 R OF TRUE POSITION. 


VEN RUBBER STAMP PART NUMBER HERE. 


Fig. 16-4. Examples of local notes on drawings. 
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Drawing Notes 


Blueprint Reading Activity 16-BPR-1 
DRAWING NOTES 
Refer to the blueprint in Fig. 16- BPR-1, and answer the following questions: 


. What is the name of the part? 1, 


. Give the part number. 2: 


. What is the scale of the original plan? 3. 


. What materialis required for the part? 4, 
. What kind of a drawing is used? БЕ 
. How many (а) general notes and (b) 10- 6. (a) 
cal notes are shown оп Ше drawing? (b) 
. What does "note 1" tell you about di- 7, 
ameters D, and D,? 
. How are sharp edges tobe finished? 8. 
. Give the name of the gasket in note 3. 
©), 
. What is the part number that mates 
with the MALE FLANGE? 10, 


For additional Blueprint Activities for Unit 16 see pages 250 and 253. 
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10. 


11. 


15 


Drawing Notes 


Blueprint Reading Activity 16-BPR -2 


DRAWING NOTES 


Refer to the blueprint in Fig. 16-BPR-2, and answer the following questions: 
. Give the name of the part, 


. What is the part number? 


What is the scale of the original plan? 


Give the material (a) specification and 
(b) stock size. 


What general tolerances are stated? 


How many of each type of note are giv- 
en? 


The part shown is to be machined in 
pairs. What is the part number of the 
other part? 


What are the overalldimensions of the 
part? 


Give the size and depth ofthe following 
drilled holes: 


Give the size and depth of the counter- 
bore on the far side at D. 


How is the hole at E finally machined 
and to what size? 


What are the thread specifications at 
С? 
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Fig. 17-1. Ал Engineering Order (EO). 
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The Drawing Change System 


The term "drawing change" refers to 
any revision made to a drawing after prints 
of the drawing have been released to the 
shop. Changes may occur for a variety of 
reasons. The change may relatetotheim- 
provement of the product's function or re- 
liability, method of manufacture, cost re- 
duction, quality control or the correction of 
errors in the original drawing and prints. 
It may be the customer has requested a 
change to incorporate new or improved de- 
sign into the product. Whatever the rea- 


son, the reader must understand the draw- 
ing change systems in order to correctly 
interpret blueprints involving changes. 


Kinds of Changes 


Changes made in drawings vary in de- 
gree as to whether they represent perma- 
nent changes in the design or manufactur- 
ing processes, or whether they are tem- 
porary changes to accommodate a special 
situation. 
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Fig. 17-2. Blueprint Control Block. 


ENGINEERING ORDER (EO) isa "рег- 
manent" change used to make changes in 
drawings when: 

1. Time does not permit changing and 
reprinting the drawing. 

2. The cost in reprinting the drawing 
is not justified for this change alone. 


An EO is a separate sheet that includes 
the necessary record data, notes and/or 
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sketches which indicate changes in the 
drawing such as dimensions, materials, 
notes and features (chamfers, holes, slots, 
etc.) that detail the effected change in the 
drawing. In some industries an Engineer- 
ing Order is referred to as an Engineer- 
ing Advance Information (EAI), Fig. 17-1. 
The EO shows the old or WAS condition 
of the drawing as well as the new or NOW 
condition. It is attached to the print and 
recorded in the BLUEPRINT CONTROL 
block, Fig. 17-2, which is usually stamped 
on the back of the print by the recording 
clerk. A sequence number is assigned and 
recorded in the B/P Control Block, If an 
EO is recorded in the B/P Control Block 
but is not with the drawing, CHECK WITH 
YOUR SUPERVISOR, EO's remain in ef- 
fect until removed by a Drawing Change 
Notice (DCN) which is discussed later in 
this unit. 
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Fig. 17-3. Drawing Change Notice (DCN) for EO in Fig. 17-1. 
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_ NOTICE OF CHANGE 


ILTRIZONE DESCRIPTION SERIAL|DATE| 
ADDED NOTE 1. Gfx 


-06 x 45° CHAMFER REMOVED] 0762.1 |3/22/с 


Fig. 17-4. The Change Block is a record of changes made to the original drawing. 


DRAWING DEVIATION (DD) is a TEM- 
PORARY change which authorizes a devi- 
ation from the blueprint only as described 
on the drawing deviation sheet. DD's are 
issued for changes such as: 

1. Temporary change in the standard 
parts. 

2. Temporary substitution in method 
of manufacture. 

3. A design change that requires re- 
work of existing units. 


The DD is prepared on the same type 
sheet as the EO although a colored sheet 
mày be used to call attention to the tem- 
porary nature of the change. A sequence 
number is assigned the DD and recorded 
in the B/P Control Block, The DD remains 
in effect until changed or voided by an- 
other DD or a revision in the drawing. 


DRAWING CHANGE NOTICE (DCN) is 
a PERMANENT change that results in an 
actual revision ofthe drawing andissuance 
of a revised print. The DCN is issued on 
a sheet similar to the other changes but 
usually of a different color toindicate that 
a change has been made in the drawing. A 
sample form for a DCN, see Fig. 17-3, in- 
dicates the change letter, details of the 
change, zone location on blueprint, model 
effectivity, authorization (Engineering Or- 
der), disposition of paris already made, 
and reasons for change. 


Outstanding DCN's are attached to the 
back of sheet 1 of the drawing until the 
affected sheet of the drawing has been 
changed. When the change has been in- 
cluded on the drawing, the action will be 
recorded in the CHANGE BLOCK on sheet 
1 and the DCN removed. | 


Change Block 


The CHANGE BLOCK usually appears 
in the upper right hand corner of the draw- 
ing and may be titled ALTERATIONS, NO- 
TICE OF CHANGE, or REVISIONS. What- 
ever ihe title, it contains a record of the 
changes that have been made to the origi- 
nal drawing, Fig. 17-4. 


When a Drawing Change Notice has 
been prepared, the drawing is changed and 
the pertinent information recorded in the 
Change Block оп Ше drawing. The following 
items are usually included in the Change 
Block. 


SEQUENCE LETTER is assigned tothe 
change and recorded in the Change Block, 
Fig. 17-4 (1). This index letter is also ref- 
erenced to the field of the drawing next to 
the change effected, for example: 


(A) 1, BREAK ALL SHARP EDGES, 
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The Drawing Change System 


ZONE: This column is used on larger 
Sized prints to aid in locating changes, 
column (2), Fig. 17-4. 


DESCRIPTION column (3), Fig. 17-4, 
provides a concise description of change; 
for example, when a note is removed from 
the drawing, the type of note is referred 
to in the description block - - PAINTING 
NOTE REMOVED, or when a dimension 
is changed WAS .999-1.003. 


SERIAL NUMBER of the assembly or 
machine on which this change becomes 
effective, Fig. 17-4(4). 


DATE column is for the date the change 
was written, Fig. 17-4(5). 


DRAFTSMAN making the change enters 
his initials here, Fig. 17-4(6). 


APPROVED column carries the initials 
or name of the engineer approving the 
change, Fig. 17-4(7). 


OTHER LISTINGS: A few industries 
will include other items in their Change 
Block to further document the changes 
made in the original drawing. Some of 
these are: 


CHECKED column is for the initials or 
signature of the person who checks and 
approves the revision. 


AUTHORITY column usually consists 


INCORP EAI | 


A 
F-5 


N/A WAS 11400 


REVISIONS 


ZONE DESCRIPTION DATE | APPROVED 


REVISED MARKING А20 WAS АЗ 


Fig. 17-5. Change Block with DCN in Fig. 17-3 recorded. 
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of recording approved engineering change 
request number. 


CHANGE NUMBER is a listing of the 
Drawing Change Notice (DCN) number. 


DISPOSITION column carries the coded 
number indicating the disposition of the 
change request. 


MICROFILM column is used toindicate 
the date the revised drawing was placed 
on microfilm. 


EFFECTIVE ON column (sometimes a 
Separate block) gives the serialnumber or 
ship number of the aircraft, machine, as- 
sembly or part on which the change be- 
comes effective. The change. may also be 
indicated as effective on a certain date 
and would take effect on that date forward, 


A drawing which has been extensively 
revised may be redrawn and carry an en- 
try to that effect in the Change Block or 
the drawing number may carry adashlet- 
ter (-A) indicating a revised drawing. 


It should be noted that considerable 
variation exists among industries in the 
form of processing and recording changes 
in prints, Fig. 17-5. The information pre- 
sented in this unit will enable you to de- 
velop an understanding of the change sys- 
tem in general. Each skilled mechanic and 
technician will want to become thoroughly 
familiar with the details of the change sys- 
tem in the industry where he works. 
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The Drawing Change System 


Blueprint Reading Activity 17-BPR -1 
THE CHANGE SYSTEM 


Refer to the blueprint in Fig. 17- BPR-1, andanswer the following questions. 


. What is the name of the assembly? 
. What is the drawing number? 


. What is the scale of the originalplan? 


How is the material specification han- 
dled? 


. How many changes are listed? 


. How many separate notes are listed 


by change A? 


. What modification of material speci- 


fication was affected by D? 


. What revision was made tothe Vendors 


note by change C? 


. Is the note added by change E a gen- 


eral or a local note? 


How many general notes are listed on 
the print? 


Write the words for Ше listed abbrevi- 


ations. 


Where would you expect the Blueprint 
Control Block to appear on a print? 


r. 


Јаве 


ІШЕ 


12: 


For additional Blueprint Activities for Unit 17 see pages 254 and 257. 
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Blueprint Reading Activity 17-BPR-2 
THE CHANGE SYSTEM 


Refer to the blueprint in Fig. 17- BPR-2, andanswer the following questions: 


10. 


ИА 


12. 


13. 


Ш 


15, 


winding the spring coils? 


For Evalvation Blueprint Activity for Part 3 see page 315. 
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. Give the name of the part. 1 
. What is the drawing number? 2. 
. Is this а detail ог assembly drawing? 8. 
What is the scale of the original plan? 4. 
What materialis specified? De 
. How many changes have been made on 6. 
the original drawing? 
What was the change in A? 2 
. In change B, what is thetolerance that 8. 
was added? 
What sequence letter identifies the 9. 
change in the material used for the 
spring? 
What is the initial of the person who 10. 
approved the release of the prints 
after each change? 
How many general notes аге listed? ІШЕ 
What is the inside diameter of the 12. 
spring coils? | 
Give the diameter of the spring steel 18. 
stock. 
Between the hook and loop, what is the 14. 
maximum allowable inside distance? 
What initial tension is to be used in qo 


PART 4 
MACHINING SPECIFICATIONS 


Unit 18 
Thread Representation 
and Specification 


Screw threads and pipe threads are fea- 
tures of very important fasteners and ma- 
chine parts used in industry. Threads such 
as the American National or the Unified 
Standard (V-type) are used for such fas- 
teners as bolts, screws and nuts, and for 
fastening machine parts together. Other 
thread forms аге designed for special pur- 
poses such as transmitting power along 
their axis. An example is the lead screw 
on a machine lathe. 


Pipe threads are alsostandardized and 
designed for particular functions. 


Threads are formed by hand, ground or 
rolled, оп а lathe and on special machines. 


Screw Thread Forms 


Most thread forms used in industry to- 
day are based on the approved American 
Standards. UnifiedScrew ThreadStandard, 
ASA В1.1, 15 Ше recognized straight thread 
standard in the United States for screws, 
bolts, nuts and other threaded fasteners. 
These threads which are called Unified 
Standard (or just Unified) are alsoin com- 
mon use in Great Britain and Canada. The 
Unifiedthreads have substantially the same 
thread form as the former American Na- 
tional thread but fewer difficulties are en- 
countered in production with the Unified 


Standard due to the flat or rounded top and 
bottom of the thread form. 


Thread forms inuse for purposes other 
than fasteners include the square, the 
Acme, the buttress, and the Whitworth. 


Thread Representation 


There are three conventional methods 
in which threads may be represented on 
drawings: The DETAILED, SCHEMATIC, 
and SIMPLIFIED, Fig. 18-1. The schemat- 
ic and the simplified conventions are com- 
monly used to save drafting time. The de- 
tailed convention is a closer representa- 
tion of the thread as it actually appears 
and is sometimes used to show the geom- 
etry of a thread form as а portion ofa 
greatly enlarged detail on adrawing. 


Thread Series 


There are four series of Unified screw 
threads: COARSE, FINE, EXTRA FINE 
and CONSTANT-PITCH SERIES, The Uni- 
fied Coarse thread series is designated 
UNC and is used for nuts, bolts, screws 
and general use where a finer thread is 
not required. The Unified Fine thread se- 
ries (UNF) is used where the length of the 
threaded engagement is short and where 
a small lead angle is desired. The Unified 
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EXTERNAL 


EXTERNAL SECTION 


INTERNAL 
THRU HOLE 


INTERNAL SECTION 
BLIND HOLE 


SCHEMATIC 


Ө 
| 


SIMPLIFIED 


ПЛ 2 

© mp 
== ОБОН 
Фа 20 27 


Fig. 18-1. Conventions for screw thread representation. 


Extra Fine series (UNEF) is usedfor even 
shorter lengths of thread engagements and 
for thin-wall tubes, nuts, ferrules and cou- 
plings. The Unified Constant-Pitch series 
is designated UN with the number of threads 
per inch preceding the designation as, 8UN. 
This series of threads is for special pur- 
poses such as high pressure application 
and large diameters where Ше other thread 
series do not meet the requirements. 


There are also three special thread 
series designated UNS, NS and UN that 
cover special combinations of diameter, 
pitch and length of engagement. 


Thread Classes 


Threads are further classified by the 
amount of tolerance and allowance per- 
mitted in manufacturing. These classes 
are 1A, 2A and ЗА for external threads 
and 1B, 2B and 3B for internal threads, Оп 
some older drawings, classes 2 and 3 with- 
out a letter designation apply to both ex- 
ternal and internal threads. 


Classes 1А and 1B replace the older 
American Standards! class 1 and are used 
in applications requiring minimum bind- 


ing to permit frequent and quick assembly- 
disassembly of parts. 


Classes 2А and 2B because of the real- 
istic tolerances, are for general purpose 
use such as for nuts, bolts, screws and 
normal applications by mass production 
industries. 


Class 3A and 3B are for applications 
in industries requiring closer tolerances 
than the preceding classes of 1A and 
TB. ог 2А and 2B. 


Specification of Screw Threads 


А screw thread is specified ona draw- 
ing by а standard note with a leader and 
an arrow pointing to the thread. The fol- 
lowing informationis specifiedin sequence 
for a standard thread. (a) nominal size 
(major diameter or screw number), (b) 
number of threads per inch, (c) thread se- 
ries symbol, and (d) the thread class num- 
ber or symbol, Fig. 18-2. Threads are 
right-hand and single lead unless other- 
wise specified by the letters LH after the 
class symbol and the word DOUBLE toin- 
dicate a left-hand thread and a double lead, 
Fig. 18-2 (e). 


139 


Blueprint Reading for Industry 


d ТАОМЕ ДА 212000 Е Е 


Я ПП 
2 ШИШ 


Fig. 18-2. Notes specifying screw threads. 


Other specifications for threads may be 
given such as thread length, hole size (for 
internal threads), chamfer, and counter- 
sink, Fig. 18-3. 


DALL ста DEED 
A dl 
C'SINK 45° то7. DIA. 


4-9 ОМС — 2в | ВЕЕР 


Fig. 18-3. Specification for internal thread. 


If the tolerance of the thread pitch di- 
ameter is given, it is placed at the end of 
the specification for the thread: 


3/4 - 10UNC - 2B PD 0.6850 to 0.6927 


The specification for a constant-pitch 
series thread with atolerance for the pitch 


diameter would be listed: 
2 1/4 = SUN - ЗА PD 2.1688 to 2.1611 
Pipe Threads 
Pipe Thread Forms 


Three forms of pipe threads are used 
in industry- - REGULAR, DRYSEAL and 
AERONAUTICAL, The regular pipe thread 
is the standard for the plumbing trade and 
dryseal pipe thread is the standard for 
automotive, refrigeration and hydraulic 
tube and pipe fittings. Aeronautical pipe 
thread is the standard in the aerospace 
industry. 

Regular and aeronautical pipe thread 
forms must be filled with a lute or sealer 
to prevent leakage in the joint. Dryseal 
pipe thread form does not allow leakage 
due to metal to metal contact at the crest 
and root of the threads. 


Representation and Specification 


Straight and taper pipe threads аге rep- 
resented (graphically) in the same manner 
as screw threads except the taper pipe 
threads are shown tapered at an angle of 
approximately 3 degrees to the axis. 


The specifications for American Stan- 
dard Pipe Threads are listed in sequence 
- -the nominal size, number of threads per 
inch, and the symbols for the thread series 
and form: 1/2 - 14NPT. 


The following symbols are used to des- 
ignate American Standard Pipe Threads: 


NPT - - American Standard Taper Pipe Thread. 


NPTR -- American Standard Taper Pipe Thread for Railing 
Joints. 

NPSC - - American Standard Pipe Thread for Couplings. 

МР5М -- American Standard Pipe Thread for Free-Fitting 
Mechanical Joints. 

NPSL - - American Standard Pipe Thread for Loose-Fitting 
Mechanical Joints with Locknuts. 

NPSH -- American Standard Pipe Thread for Hose Couplings. 


140 


Thread Representation and Specification 


„Бшк жү HN 
-18 DRYSEAL NPTF 


? wi 


Fig. 18-4. Note specifying pipe threads. 


symbols for Dryseal Pipe Threads are 
designated as follows: 


NPTF - - Dryseal American Standard Pipe Thread. 
PTF — SAE SHORT -- Dryseal SAE Short Taper Pipe Thread. 
NPSF - - Dryseal American Standard Fuel Internal Straight 
Pipe Thread. 
NPSI -- Dryseal American Standard Intermediate Internal 
Straight Pipe Thread. 


А typical specification for the Dryseal 
pipe thread would include: (a) nominal size, 
(b) number of threads per inch, (c) form 


(Dryseal, and (d) symbol, Fig. 18-4. 
Metric Threads 
Metric threads are designated in a 


manner similar to that used for Unified 
and American National Standard, but with 
some slight variations. A diameter and 
pitch are used to designate the metric 
series, as in the inch system, with the 
following modifications: 

1. Metric coarse threads are designated 


COARSE 


Fig. 18-5. The metric coarse thread designation gives 
only the diameter, the pitch is understood. The fine 
thread designation gives the pitch, following the diameter. 
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by simply giving prefix M and diameter. 
For example, in Fig. 18-5, M8 is a 
coarse thread designation representing 
a nominal thread diameter of 8 mm 
with а pitch of 1.25 mm understood. 
Thread designation is for a coarse 
thread unless otherwise noted. 

Metric fine threads are designated by 
listing pitch as a suffix. A fine thread 
for а part would be M8 x 1,0, or 
8 mm diameter with a pitch of 1.0 
mm, Most common metric thread is 
coarse, which generally falls between 
coarse and fine series of inch system 
for a comparable diameter. 

In the metric "series, the pitch is 
really the pitch: M x 1.0. That is, the 
pitch is actually 1 mm. 

The tolerance and class offitin metric 
threads are designated by adding numbers 
and letters in a certain sequence to the 
callout. The thread designation іп Fig. 18-6 
calls for a fine thread of 6 mm diameter, 
0.75 mim pitch (по pitch is given in ihe 
designation for a coarse thread) with a 
pitch diameter tolerance grade 6 and an 
allowance "h", crest diameter tolerance 


grade 6 and allowance "5". 


NOMINAL 
METRIC THREAD] сие 
DESIGNATION - 


АП PITCH 


/ 
ПИ) (FINE THREAD) 
ШШ 
ШИ РАН ae a 
DESIGNATION 
L Méx .7-6h6g | 


CREST DIAMETER 
TOLERANCE 
POSITION 
(ALLOWANCE) 
GRADE 


Fig. 18-6. А complete designation for an 150 metric 
thread. 
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Thread Representation and Specification 


Blueprint Reading Activity 18-ВРК-1 
EXTERNAL THREADS 


Refer to the blueprint in Fig. 18- BPR-1, and answer the following questions: 


. What is the name of the object? |. 
. Give the drawing number. Zo 
. Is this a detail or assembly drawing? 3. 
. What material is required? 4, 


. Give the finished length including the So 
tolerance permitted. 


. What size hole is drilled through the О. 
р1есе? 


. Interpret the thread specification for 7. 2150 


А. 10 
UNC 
2A 
. Give the dimensions for the groove at 8. 
1B, 
. Interpret the thread specification for op 1 
С. 8 
UNC 
2A 
1.25 ЕС 


. How are Ше ends of Ше piece tobe 10. 
finished? 


For additional Blueprint Activities for Unit 18 see pages 258 and 261. 
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Blueprint Reading Activity 18-ВРК-2 
INTERNAL THREADS 


Refer to the blueprint in Fig. 18- BPR-2, and answer the following questions: 


. Give the part name. 


List the number of the part. 


. What materialis specified? 


What is the nominal stock size? 


. What is the finished length dimension 


and how is it machined? What toler- 
ance is permitted? 


. Give the dimension and tolerance for 


D and E. 
How many holes are to bethreaded? 


What size tap drill is noted for holes 
F? 


. Give the thread specification for holes 


E. 


Give the interpretation of the thread 
specification in No. 9 above. 


How is hole G machined prior to cut- 
ting threads and to what diameter? 


Interpret the thread specification for 
hole G. 


What changes were made in the draw- 
ing with Revision C? 


What finish is specified? 


10. 


11. 


12. 


5/16 
24 
UNF 
2B 


1-1/8 

10 
UNIFIED FORM SPECIAL 
DOUBLE LEAD 


+.008 
PITCH DIA, 1.060 -.000 


MAJOR DIA, 1.125 MIN, REF 


Unit 19 
Specification and Callouts 
for Machining Processes 


You have already learned that a blue- 
print provides considerable information 
for the craftsman in addition to the shape 
and size of a detailed part or assembly. 
It is important in the making or servicing 
of a mechanism that this information is 
properly understood. 


Many of the large industries have pro- 
cess specification manuals which specify 
how machine processes are to be per- 
formed; machine, tools, and cutters to be 
used; and tolerances tobe held. You should 
become familiar with the manual in your 
industry and the processes involved inthe 
work you are required to perform. 


11/32 DRILL 
THRU 3 HOLES 


1/4 DIA. 1/2 IN. DEEP 
(TYP) 


.204 DRILL 3/4 IN. DEEP 
1/4 — 20UNC 1/2 IN. DEEP 


Fig. 19-1. Specifications involving drilled holes. 


This unit will familiarize you with the 
"callouts" for most of the commonly used 
machine processes, also specifications 
found on industrial blueprints. 


DRILLED HOLES are drilled with a 
twist drill and may be specified for diam- 
eter of drill to use, depth of hole or "thru" 
and number of holes of this specification 
to be drilled, Fig. 19-1. 


The term typical (TYP) means the 
specification in the note holds for similar 
features on print unless otherwise noted. 


REAMED HOLES are specified when a 
hole must be truer, smoother and more 
accurate in size than a drilled hole. The 
hole is drilled slightly smaller (.010 to 
.025 in.) than the finished size and then 
reamed to size. The specification for a 
reamed hole is shown in Fig. 19-2. Size 
of the drilled hole may be omitted. 


31/64 DRILL 
1/2 REAM 


Fig. 19-2. Specification for a reamed hole. 
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COUNTERBORED HOLES are holes 
that have been machined to a larger di- 
ameter for a certain distance to form a 
recessed flat shoulder which receives a 
bolt or screw head below the surface, See 
Em 19-3, 


./50 DRILL COUNTERBORE 
1.000 DIA. .440 DEEP 


Fig. 19-3. А counterbored hole. 


COUNTERSINKING is a process ofre- 
moving metal around the edge of a hole to 
provide a seat for conical shaped screw 
heads and rivets; or to provide a seat for 
work held between centers in a lathe, mill 
or similar machine. Countersinking 1$ also 
used to remove burrs and chamfer holes, 
lig, 19-4, 


5/16 DRILL 3 HOLES 
C'SINK 100 DEG. 
.616 DIA. 


Fig. 19-4. А chamfered hole and a countersunk hole. 


1/2 DRILL 
CHAM. 1/16 IN. x 45 DEG. 


SPOTFACING is a process similar to 
counterboring only not as deep. It provides 
a square surface in a rough piece of work 
as a bearing or seat for a bolt head, nut, 
etc., Fig. 19-5. 
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-375 DRILL SPOTFACE .750 DIA. 
1.250 FLANGE THICKNESS 


Fig. 19-5. Spotfacing callout. 


BROACHING is done with a machine op- 
erated cutter called a broach. This passes 
through or over the stationary parttopro- 
duce internal or external machined sur- 
faces, The machined surfaces include holes 
of circular, square or irregular outline, 
keyways, internal gear teeth, splines, and 
flat or varied external contours. The 
broach has a series of cutting teeth, set so 
each is a few thousandths ofaninchhigher 
than the preceding tooth. Sizes increase 
to the exact finish size required. Broach- 
ing is fast, accurate, and produces a finish 
of good quality. The callout for a typical 
broaching operation is shown in Fig. 19-6. 


BR. 1/8 x 3/8 DP. 


Fig. 19-6. Broaching callout. 


KEYS are fasteners used to prevent ro- 
tation of gears, pulleys and rocker arms on 
rotating shafts. The key is a piece of metal 
which fits into a keyseat in the shaft and 
keyway in the hub. These are shown with 
their specification callouts in Fig. 19-7, 
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KEYSEAT 


1/8 WIDE x 1/16 DP. 


KEY 


KEYWAY 
1/8 WIDE x 1/16 DP. 


Fig. 19-7. Keyway, key, and keyseat. 


Some standard types of keys are shown 


in Fig. 19-8. 
GIB-HEAD Ж 
TAPER KEY 
SQUARE KEY 


1/4 x 1/4 
PRATT AND 
WHITNEY KEY 


WOODRUFF 
КЕШ 


Fig. 19-8. Some standard types of keys. 


TOTAL INDICATOR READING (TIR) 
specifies the relationship between a fea- 
ture (cylinder, cone, sphere, hexagon, etc.) 
and its axis or the axes of one or more 
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Fig. 19-9. Total indicator reading (TIR) of a feature. 


other features when the indicator readings 
are taken while the part is rotated 1808) 


Pig, 19-9; Eccentricity ( 5 


| is the con- 


DIAL 
INDICATOR 


URE 


5 


FEAT 
А 


FEATURE B 


INITIAL LOCATION 


1809 ROTATION 


Х = TOTAL INDICATOR READING 
ЦЭ ХИ ECCENTRICIMY 


Fig. 19-10. Taking an eccentricity reading. 


Specifications and Callouts for Machine P rocesses 


dition where the axis of one regular feature 
is offset with respect tothe axis of another 
such feature, as shown in Fig. 19-10. 


SURFACE MISMATCH. When two or 
more machine cutter passes are required 
to machine a surface, itis difficult to blend 
the surfaces. If a" mismatch" is permitted, 
it is called out in а general note on the 
drawing or may be appliedto specific sur- 
fees, Fig, 19-11, 


SURFACE TEXTURE (FINISH) refers 
to the roughness, waviness, lay and flaws 
of a surface. Surface roughness which is 
sometimes stated as surface finish, is the 
specified smoothness required on the fin- 
ished surface of a part obtained by ma- 
chining, grinding or lapping. 


SURFACE ROUGHNESS (fine irregu- 
larities in the surface texture) is a result 
of the production process used, Type 1 


LAY IS PARALLEL TO 
EDGE OF SURFACE 
INDICATED 


LAY IS APPROXIMATELY 
CIRCULAR RELATIVE 
TO CENTER 


LAY IS PERPENDICULAR 
TO EDGE OF SURFACE 
INDICATED 


LAY IS 
MULTIDIRECTIONAL 


MISMATCH OF .010 
MAX. PERMITTED 


Fig. 19-11. Calling out a mismatch in surface. 


roughness height is measured by a profi- 
lometer in microinches (millionths of an 
inch). 


SURFACE WAVINESS is the usually 
widely-spaced component of surface tex- 
ture due to such factors as machine chat- 
ter, vibrations, work deflections, warpage 
and heat treatment, Waviness is rated in 
inches. 


LAY is the term used to describe the 
direction of the predominant surface pat- 
tern, Fig. 19-12. The lay symbol is used 


САУ 15 ANGULAR IN 
BOTH DIRECTIONS 
TO EDGE INDICATED 


RN 


LAY IS APPROXIMATELY 
RADIAL RELATIVE TO 
CENTER 


Fig. 19-12. Designation of lay for surface texture. 
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if considered essential to a particular sur- 
face finish, 


The symbol used to call out the details 
of the surface texture resembles a check 
mark, as shown in Fig. 19-13. Usually, 
only the surface roughness height figure 
is used with the symbol but when other 
characteristics of a surface texture are 
specified, they are shown in the callout as 
indicated in Fig. 19-13. The point of the 
symbol is placed on the line indicating the 
surface, on an extension line, or is di- 
rected to the surface by a leader. 


The table in Fig. 19-14 indicates some 
recommended roughness height values in 


ROUGHNESS HEIGHT SURFACE 
RATING DESCRIP TION 
517 Very rough 


5 


o 


СР UT E 


Caarse 


Medium 


finish 
High grade machine 
finish 

6 High quality 


Rough machining 


Good machine 


WAVINESS | 
HEIGHT WIDTH 
0 003-2 


015 
ыг? ROUGHNESS 


WIDTH CUTOFF 


ын ROUGHNESS 
„ WIDTH 


X .005 


ROUGHNESS 


HEIGHT 
FINISHED \ 
SURFACE | 32 


Fig. 19-13. Surface texture symbol. 


microinches, a description of the surface 
and the process by which the surface may 
be produced, 


PROCESS 


Saw and tarch cutting, farging or 
sand casting. 


Heavy cuts and caarse feeds in 
turning, milling and baring. 


Very coarse surface grind, rapid 
feeds in turning, planning, milling, 
boring and filing. 


Machining operatians with sharp 
toals, high speeds, fine feeds 
and light cuts. 


Sharp tools, high speeds, extra 
fine feeds and cuts. 


Extremely fine feeds and cuts on 
lathe, mill and shapers required. 
Easily praduced by centerless, 

cylindrical and surface grinding. 


Very smaath reaming or fine 


м 


EE 


machine finish 


Very fine machine 


finish 


Extremely smaoth 
machine finish 


cylindrical ar surface grinding, 
ar caarse hane ar lapping. 


Fine honing and lapping af surface. 


Extra fine haning and lapping af 
surface. 


Fig. 19-14. Descriptian of Roughness Height Values. 
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FINISH ALL OVER (OR SHORTENED TO F.A.O.) 


SURFACE ROUGHNESS 125/ UNLESS OTHERWISE NOTED. 


Fig. 19-15. General surface finish notes. 


The value specifiedis the maximum av- 
erage roughness height permissible. When 
a maximum and a minimum limitis speci- 
fied, the average roughness height must 
lie within the two limits. 


When a surface is to be machined and 
the control of the texture is notnecessary 
or is specified in the title block, the finish 
symbol may consist of the italic ца the 
Л check mark without the horizontal bar, 
or the standard finish symbol ,/ without 
the microinch value given. When anentire 
part is to be machined, usually a general 
note is given as in Fig. 19-15, 


Type 2 Surface Texture Specifications 


Although the Type 2 Surface Texture 
Symbols are not anindustry wide standard, 
they are being used by some large indus- 


tries to compare surface texture produced 
to а replica (a copy or reproduction) of a 
Master Surface by sight and/or feel, Fig. 
19-16. There are five grades of surface - - 
D, F, H, K and N. The replica "D' is the 
smoothest and roughness increases with 
each letter to a maximum with letter "М." 


HFS-SF 


Fig. 19-17. Type 2 surface texture symbol. 


When the letters HFS-SF appear across 
the symbol bar, they indicate a stock sur- 
face: HFS - Hot Finished Surface; SF - 
Scale Free, Fig. 19-17, If CFS were used, 
it would mean a Cold Finished Surface. 


CATERPILLAR SPECIFICATION 1E2122 


Ww 
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ш 
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v 
& 
« 
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О 
ш 
17 
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Fig. 19-16. Type 2 comparison replicas. 
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Specifications and Callouts for Machine P rocesses 


Blueprint Reading Activity 19-BPR -1 
CALLOUTS FOR MACHINE PROCESSES 


Refer to the blueprint in Fig. 19- BPR-1, and answer the following questions. 


1. What is the name of the part? 1. 


2. What is the number of the print? 2. 


3. What is the scale of the original plan? 5: 


4. What is the materialspecification? 4. 
5. List the surface texture required at Do A - 
A? BP B 
6. Give the diameter of B. 6. 
7. What surface texture is called out at Шаде 
со? Е 
8. What is the machine process specifi- ONE 
cation called for at G and at F? 
F 
9. Give the thickness of the casting at G 
after the spotfacing operation. 9. 
10. What dimensions are given for sur- 10. D 
faces D and E? E 
11. Give the diameter ofthe invisible sur- 11. 
face H. 
12. 


12. What treatment is to be giveninternal 
surfaces? 


For additional Blueprint Activities for Unit 19 see pages 262 and 265. 
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Specifications and Callouts for Machine Processes 


Blueprint Reading Activity 19-BPR-2 
CALLOUTS FOR MACHINE PROCESSES 


Refer to the blueprint in Fig. 19-BPR-2, and answer the following questions: 


“1. What is the name of the part? 1: 


2. Give the print number. e 

3. Are there general notes on the draw- 2 
ing? 

4. Have any changes been made to this 4, 
drawing? 


5. What is the overall size of the part? 5. 


6. What type of section is the front view? 6. 


7. The detail view would be called what 7. 


type section? 


8. What materialis to be used in making 8. 
the part? 
9. Give the diameter at E as a tolerance 9. 
limit dimension. 
10. 
10. What surface texture requirement is 
specified at E? 
ы B 
11. Give the diameter at: A, B, C and D. Cm ID 


12. What surface texture is called out for фе 
В? 


13. Give the chamfer dimensions at Е. 123; 


14. What is the tolerance оп Ше 209 cham- 
fer? 14. 


155 


Blueprint Reading for Industry 


(“4199 1099 u494Ss9M) "роц;әүү гро|Я paads — гофочеиес) иозоа| ©) 
р uo Burno убпог 49440 физшолпзоеш 5580 2144 11004 | оргоц2) 


“01044 Ka snpu| 


156 


Опп 20 


Tolerances of 
Position and Form 


Advancing technology in industry, along 
with the subcontracting of parts to other 
industries, have brought the need for more 
preciseness (exactness) in the designing 
and reproducing of machined parts. To 
accomplish this preciseness, industry is 
making greater use of close tolerances 
to control the position (location) and form 
(shapes) of machined parts. 


You should become familiar with the 
essential elements of the system as dis- 
cussed in this Unit so youcan read and in- 
terpret blueprints which use notes and/or 
symbols used in form and positional tol- 
erancing. 


Definition of Terms 


GEOMETRIC TOLERANCING controls the 
function or relationship of part features 
by indicating the permitted variation from 
perfect form or true position. 


POSITIONAL TOLERANCING is the per- 
mitted variation of a feature from the ex- 
act ог true position indicated on ће draw- 


ing. 


FORM TOLERANCING is the permitted 
variation of a feature from the perfect 
form indicated on the drawing. 
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PROFILE TOLERANCE is the specified 
variation in the profile of asurface or line 
from the perfect profile indicated on the 
drawing. 


FEATURE refers to a portion of a part 
such as a diameter, hole, keyway, flat 
surface or thread. 


DATUM is a point, line, surface or plane 
used as the location from which form or 
positional tolerances are checked. 


BASIC DIMENSION is an exact dimension 
with a zero tolerance which describes 
size, form or location of afeature. Toler- 
ances may be applied to the basic dimen- 
Sion or given in notes. 


TRUE POSITION is the basic or theoret- 
ically exact position of a feature. 


MAXIMUM MATERIAL CONDITION(MMC) 
exists when a feature contains the maxi- 
mum amount of material,thatis: minimum 
hole diameter and maximum shaft diame- 
ter. When MMC is not specifiedon a draw- 
ing, true position and related datum refer- 
ences apply at MMC. 


REGARDLESS OF FEATURE SIZE (RFS) 
means that tolerances of position or form 
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must be met irrespective of where the fea- 
ture lies within its size tolerance. When 
RFS is not specified on a drawing; angu- 
larity, parallelism, perpendicularity, con- 
centricity and symmetry tolerances, in- 
cluding related datum references, apply 
ВЕБ. 


Symbols for Dimensioning 
and Tolerancing 


Symbols included on drawings of parts 
which are to be machined using true po- 
sition dimensioning and tolerancing are 
shown in Fig. 20-1. Differences in symbol- 
ization for positional and form tolerances 


GEOMETRIC CHARACTERISTIC SYMBOLS 


STRAIGHTNESS I— |: | 
FLATNESS ГЕЛ І 
Поломвсжаще [О [| 
Се [ә 
[mmo [у 
ЕСИ ЕГЕ СЕН 
[mum ___| 2 | шин 
СТГ | БЕН БЕН 
221 
4 


INDIVIDUAL 
FEATURES 


2 


FORM 
TOLERANCES 


INDIVIDUAL 
OR RELATED 
FEATURES 


2 


N 


— 


PARALLELISM EX 
POSITION ЕЗ 


TOLERANCES | CONCENTRICITY Го | 
SYMMETRY EN 


КОКО CIRCULAR я 
TOLERANCES | Tora, A 


1) The symbol ~~ formerly denoted flatness. 


4 


RELATED 
FEATURES 


LOCATION 


© 


The symbol ~ ог — formerly denoted flotness ond stroightness. 
2) Considered "reloted" feotures where datums ore specified. 
3) The symbol || ond ® formerly denoted ках ваг and cancentricity, respectively. 
4) The symbol 7 without the quolifier "CIRCULAR" formerly denoted totol runout. 
5) Where symmetry opplies, it is preferred that the position symbol be used. 
6) "TOTAL" must be specified under the feature control symbol, 


7) Consider the use of position or runout. 


Where existing drowings using the obove former symbols ore continued in use, eoch former sym- 
bol denotes thot geometric chorocteristic which is applicoble to the specific type of feature shown. 


Fig. 20-1. Geometric symbols for positional and form 
tolerances. (АМ51--Атегісап National Standards Institute) 
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in the International, American, British and 
Canadian standards are shown in the Ap- 
pendix on page 332. 


DATUM features are identified on draw- 
ings by a reference letter preceded and 
followed by a dash and enclosedin aframe, 
Big. 20-2. 


DATUM A 


Fig. 20-2. Datum identifying symbol. 


BASIC OR TRUE POSITION dimension 
symbol is indicated by the word BASIC or 
BSC following or just below the dimension 
figure, or by enclosing the basic dimen- 
sion in a rectangular frame, Fig. 20-3. 


2.375 BASIC 


Fig. 20-3. Means of indicating basic or true 
position dimension. 


MAXIMUM MATERIAL CONDITION(MMC) 
symbol consists of the letter (M) enclosed 
in a circle. It is used only as a modifier 
in feature control symbols. 


REGARDLESS OF FEATURE SIZE (RFS) 
symbol consists of the letter S enclosed 
in a circle, It is also used only as a modi- 
fier in feature control symbols. 


SINGLE 
DATUM 
REFERENCE 


[FEATURE CONTROL SYMBOLS is acom- 
jbined symbol which consists of a frame 
icontaining the geometric characteristic 
isymbol followed by the datum reference 
(if any), by the permissible tolerance, and 
jin some cases by the modifier (M) or (S), 
Eus 20-4. 


Positional Tolerancing 


The tolerances assigned todimensions 
which locate the position of one or more 
features in relation to another feature are 
known as positional tolerances. These in- 
clude tolerances assigned to TRUE PO- 


POS ssi E 
HOLES 
CENTERS 


UPPER Ше” 
TOLERANCE 


POSSIBLE HOLE 
POSITIONS 


ORE Ema 


Tolerances of Position and Form 


TOLERANCE MODIFIER 


Ж— THIS DATUM 


CONTROLLED 
TO TWO BY ABOVE 
DATUM FEATURE 
CONTROL 
SYMBOL 


Fig. 20-4. Examples of feature control symbols.! 


SITION (the exact specified location of a 
feature such as the center distances be- 
tween holes, bosses or slots) and toler- 
ances assigned to CONCENTRICITY (the 
location of two or more features having a 
common axis). 


А circular feature located by true po- 
sition dimensions with a tolerance of plus 
or minus .010 on the diameter is shownin 
В. 20-3, 


The interpretation of theillustrationin 
Fig. 20-5 means that the axis of the fea- 
ture must lie withinacylindricaltolerance 


.625 * .010 DIA 


TRUE POSITION 


LOW LIMIT OF 
TOLERANCE 


CYLINDRICAL AXIS 
TOLERANCE 
ZONE - .020 DIA. 


Fig. 20-5. Cylindrical tolerance zone. 
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PART 


SIMULATED 
GAUGE 


SLOT 


POSITIONAL 
TOLERANCE 
ZONE 


TRUE POSITION OF 
CENTER PLANE AXIS 


Fig. 20-6. Slot tolerance zone. 


zone of .020 diameter whose center is at 
true position. 


A slot located by true position dimen- 
sions with a tolerance zone of +.005 on 
the center plane is shown in Fig. 20-6. 


The interpretation of the illustration іп 
Fig. 20-6 means that the axis of ће center 
plane of the feature must lie within arec- 
tangular tolerance zone of .010 in width 
whose center plane is at true position. 


The notation, symbol and interpretation 
are given in Fig. 20-7 for true position, 
concentricity and symmetry. 


Form Tolerancing 


Tolerances that apply to the control of 
form for the various geometrical shapes 
and the controloffree-state variations are 
called form tolerances. Form tolerance 
Specifies a tolerance zone within which the 
controlled feature, its axis or center plane 
must lie, 


Notes and symbols forformtolerances 
are shown and interpreted in Fig. 20-8 for 
each of the standard form tolerances. Study 
these carefully to understand the meaning 
of each control symbol, 
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TOLERANCES ОР POSITION 


CONTROL AND DRAWING CALLOUT 
SYMBOL BY NOTE BY SYMBOL INTERPRETATION 


TRUE POSITION 


Ф. 


TOLERANCING 


OF НОГЕ5 3.125 BASIC 


THE AXIS OF EACH CONTROLLED 
FEATURE MUST LIE WITHIN A .000 
DIAMETER CYLINDRICAL TOLERANCE 
ZONE WHEN THE HOLE 15 AT 115 
MINIMUM SIZE OF .336. THE ZONE 
INCREASES TO .006 DIAMETER IF 

THE HOLE 15 .342 


DATUM PLANE B 
1.000 
BASIE DATUM AXIS A 


.010 TO .026 DIA. 


-336 – .342 DIA. 
© ШОНЕЗ ECL SP. 


.336 – .342 DIA. 

© КМ ЕО SP, 
AND LOC. AT TRUE 
POSITION WITHIN 
.006 DIA. 


TRUE POSITION 


t 1.500 


RECTANGULAR | BSC. 


THE AXIS OF DATUM A MUST LIE WITHIN 


+ 002 DIA. А .020 SQUARE TOLERANCE ZONE. THE 


PATTERN BE TN А TRUE POSITION OF THE CONTROLLED 
FEATURE 15 LOCATED FROM DATUM А 
AND ORIENTED BY DATUM PLANE B. 
625 + 212 Loc . ‘бол DIA. THE AXIS OF THE CONTROLLED 
Fo FEATURE MUST LIE WITHIN A .010 
а n О] | в |.010 МА | DIAMETER CYLINDRICAL TOLERANCE 
а б, БЭР" ZONE WHEN THE HOLE IS АТ ITS 
a ATUM A AND MINIMUM SIZE OF .621. THE ZONE 
тог. INCREASES ТО 026 DIAMETER IF THE 
HOLE IS .637 
AXIS OF ANGULAR 
CONC TO B WITHIN О в |.002 ол. dili VARIATION 
002 DIA. TOL. ZONE 
-в-| AXIS OF AXIS OF 
B DATUM B THIS SURFACE 


THE AXIS OF THE CONTROLLED 
FEATURE MUST LIE WITHIN A 
.002 DIAMETER TOLERANCE ZONE 


CENTER PLANE 
CAL WITH A 
Mad OF DATUM A 


WITHIN .004 TOTAL || А |004 TOTAL 
CENTER 
PLANE 
OF SLOT 
SYMMETRY = 


THE CENTER PLANE OF THE SLOT 
MUST LIE BETWEEN PARALLEL 
PLANES .004 APART. THE PLANES 
ARE EQUIDISTANT FROM THE ў 
CENTER PLANE OF DATUM А 


Fig. 20-7. Positional tolerancing. 
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TOLERANCE OF FORM 


CONTROL AND DRAWING CALLOUT 
SYMBOL NOTE SYMBOL INTERPRETATION 


AT WITHIN .005 .005 TOLERANCE ZONE 


Ё E 
LET 


ALL POINTS OF CONTROLLED 
SURFACE MUST LIE WITHIN 
TWO PARALLEL PLANES 

.005 APART 


STRAIGHT 


WITHIN + .005 
STRAIGHTNESS | | 


005 [NS TOLERANCE ZONE 


ALL POINTS OF ANY STRAIGHT LINE 
ELEMENT MUST LIE BETWEEN TWO 
PARALLEL LINES .005 APART 


ROUND WITHIN 
.002 ON R О] | 002 TOLERANCE 
^ ZONE 
[ 
ROUNDNESS +-+ — 2 
А 


© 


SECTION AA 


ALL POINTS ON SURFACE AT ANY 
CROSS SECTION MUST LIE BETWEEN 
TWO CONCENTRIC CIRCLES OF 
SPECIFIED TOLERANCE WHICH 

HAVE .002 DIFFERENCE IN RADIUS 
CYLINDRICAL 


TOLERANCE 
WITHIN | 


.002 ON В ZONE .002 
CYLINDRICITY Q ru 


AY 


THE PART MUST BE WITHIN THE 
LIMITS OF SIZE. ALL POINTS ON THE 
SURFACE MUST LIE BETWEEN TWO 
CONCENTRIC CYLINDERS WHICH 
HAVE .002 DIFFERENCE IN RADIUS 


151125) SC 


TRUE PROFILE 


TOLERANCE ZONE 
POINTS OF .002 ON BOTH 
PROFILE OF : . ОЕ SIDES OF TRUE 


LINE 5 PROFILE PROFILE 
OF LINE 


E A 


.500 R BSC 


ALL POINTS ON THE LINE MUST LIE 
WITHIN THE SPECIFIED TOLERANCE 
ZONE WHICH HAS А WIDTH OF .002 ON 


BOTH SIDES (BILATERAL) OF THE 
TRUE PROFILE 


Fig. 20-8. Form tolerancing. 
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PROFILE DIMENSIONS 
ARE BASIC | 
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DIA. A TOTAL RUNOUT 
FOR EACH ELEMENT 
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RUNOUT 


я 
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ВЕТМЕЕМ А АМО В 


PROFILE DIMENSIONS 
ARE BASIC 


Fig. 20-8. (Continued) 
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TRUE PROFILE 


TOLERANCE ZONE OF 
.005 ON ONE SIDE OF 
TRUE PROFILE 


Ё 


ALL POINTS ON THE SURFACE MUST 
LIE WITHIN THE SPECIFIED TOLER- 
ANCE ZONE WHICH HAS A WIDTH OF 
005 ОН ОНЕ SIDE (UMLATERAL) UF 
THE TRUE PROFILE 


TOLERANCE ZONE SA 


DATUM 
PLANE 


ALL POINTS ON THE CONTROLLED 
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PARALLEL TO DATUM PLANE 
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TOLERANCE 
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SURFACE CONSTRUCTED AROUND 
OR AT RIGHT ANGLES TO A 
COMMON AXIS MUST BE WITHIN 
TOTAL RUNOUT SPECIFIED 


("эш вэгшоцрибгва() ‘arg Шшәшпш| бигә) "uniden|q Ацзпри] “1-348-02 '5:4 


( 


2/ -66/5 |2-/6-8/оС 


БЕ NN оммуна ASSY LX3N 


SONNTAG ХА 


У QNOD) вое 55970 
с92/-6-009 cot 5340 


ЛИЗУ 
зе-а-фо 
Wad гајумббуа Wwa305 
ү:2 


- 2-6) 
ЕЛ | 


32У3805 30 'NI/ZOO' NIHLIA УЗНІО H2v3 01 HY 
топамзан за 38 01 ЗУУ H3HlO нэўз 01 нулпо!анзанза кмуна S33n1v33 


BONVHD 9 ‘ON '023| Ag 


722У4805 30 NI/ZOO' NIHLIM H3H10 H2Y3 
01 1377уНуа 38 01 3Hv B3H10 НЭЎЗ 01 1311vHvd ммуна S33n1v33 


“ЗПЛУЛ H3711vVWNS JHL SI S3A3H2IHM 
'S32NvH3101 ОМ: 3Hl 30 WNS зні YO Ма S00 NIHLIM M3HÀO HOV3 
01 2IBIN32NOO 38 01 Зуу H3H10 НОУЗ 01 2134 ма2ноз2 ммума 5381 733 


С = Зо oe 
SITƏNY 230 146 5 


031312345 3S!MH3H10 5531МП взомумзло.. 


HOA мам 'Y1O3NIN 
“Ом SOINOHLVNOIS3Q0 зо NOISIAIG 


INAWNAYLSNI ӨМмГ14315 


1511 S1uvd 
ЕТ ON 
ON има ноша! 92534 ӨВ ОГ 


031312345 351М 
-83н10 5537МП 53903 dHYHS ONY SHung8 "iv 3AOW3H 
SNIMYHO SIHL 31ү25 LON OG 


БЕЛЕ 


HI SOOOSw Г 


та бос зо 
"era ЗУУУНО „ери Маце 


м. [Uii 600050) 
> E 


| эла 9999:-00060 0629" 


TOOG- + 


НП 000 МО | ще 
NS — — 3 


Wid 182 


ЗЛО ооо. -SVLE' 


<ооо' + 


Съ-хучла 2) 
"Ha343WYH2 Sb х 510' 


за боб У “азэчаь ктууобга- «вла € 
з2-чо 99-2, dvi (via оо?) oS, Vad 


Tolerances of Position and Form 


Blueprint Reading Activity 20-BPR -1 
TOLERANCES OF FORM AND POSITION 


Refer to the blueprint in Fig. 20-BPR-1 and answer the following questions. 


. What is the name of the part? 
. What is the number of the print? 


. What is the scale of the original plan? 


What is the material specification? 


Does the print show the drawing has 
been revised? 


What machine process is called out at 
E 


. Some holes aretobe drilled and tapped 


in surface С. Interpret the callout. 


What surface texture is designated? 


What relationship is called for between 
surface C and Datum A? 


. What relationship is called out between 


the major diameter of 1.200 and Datum 
A? 


Express the tolerance as limits for the 
.3745 hole. 


How are sharp edges and burrs to be 
treated? 


For additional Blueprint Activities for Unit 20 see pages 266 and 269. 
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Tolerances of Position and Form 


Blueprint Reading Activity 20-BPR -2 
TOLERANCES OF FORM AND POSITION 


Refer to the blueprint in Fig. 20-BPR-2 and answer the following questions. 


1. What is the name of the part? 1, 


2. Give the print number. 2 


3. Dimension E was what value before 8. 


being changed? 


4. What relationship is required between 4. 


the end surface at F and hole G? 


5. Give the dimension between the axes 5. 


of the two holes as a limits dimension. 


6. Interpret the feature control symbol 6. 


atJ. 


7. What relationship is required between gm 


the keyway K and the axis of the hole? 


8. Interpret the feature control symbol 8. 


that conditions the relationship be- 


tween surface L and diameter H. 


9. What surface texture is called for at 9. H 


diameter H? At surface L? IL 


10. What surface texture is required for 10. 


the sides of the keyway? 
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Fig. 21-1. Roll checking a spiral bevel gear set. 
(Western Gear Corp.) 


The purpose of this Unit is to acquaint 
you with gear terminology and how gears 
are represented and specified on blue- 
prints. 


There are many types and sizes of 
gears used in. industry today, see Fig. 
21-1. In this Unit we will consider three 
basic types of gears-- spur, bevel and 
worm. 


Spur Gears 


The spur gear is the most commonly 
used gear and resembles a wheel with a 
number of equally spaced teeth cut paral- 
lel to the axis, Fig. 21-2. Spur gears are 
used for drives on mechanisms such as 
machine lathes and mills where the axes 
of the gears are parallel and the gears 
are in the same plane with each other, 
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Fig. 21-2. Spur gears. (AiResearch Mfg. Co.) 


Spur Gear Terminology 


DIAMETRAL PITCH is the number of teeth 
in a gear per inch of pitch diameter - - that 
is, a gear having 48 teeth and a pitch di 
ameter of 3 inches has a diametral pitch 
of 16. The diametral pitch would be indi- 
cated as: 


16 DIAMETRAL PITCH 
OR 


DIAMETRAL PITCH 16 


PITCH CIRCLE is an imaginary circle 
(located approximately half the distance 
from the roots and tops of the gear teeth) 
which is tangent with the pitch circle of a 
mating gear, Fig. 21-3. 


PITCH DIAMETER is the diameter of the 
рор circle. 


ADDENDUM is the radialdistance between 
the pitch circle and the top of the tooth. 


DEDENDUM is the radialdistance between 
the pitch circle and the bottom of the tooth, 
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G 


ра GEAR 


Fig. 21-3. Spur gear nomenclature. 


ADDENDUM CIRCLE DIAMETER is equal 
to the pitch circle diameter plus twice Ше 
addendum (same as outside diameter). 


DEDENDUM CIRCLE DIAMETER is equal 
to the pitch circle minus twice the deden- 
dum (same as root diameter). 


CLEARANCE is the radial distance be- 
tween the top of a tooth and the bottom of 
the tooth space of a mating gear. 


CIRCULAR PITCH is the length of the arc 
along the pitch circle between the center 
of one tooth to the center of the next. 


TOOTH FACE is the curved surface of а 
tooth that lies beyond the pitch circle, 


Blueprint Reading for Industry 


TOOTH FLANK is the curved surface of 
a tooth that lies inside the pitch circle. 


TOOTH SPACE is the distance atthe pitch 
circle between two adjacent teeth. 


CIRCULAR THICKNESS is the length of 
the arc along the pitch circle between the 
two sides of the tooth. 


CHORDAL ADDENDUM is the distance 
from the top of the tooth to the chord sub- 
tending the circular thickness arc. It is 
the height dimension used in setting gear- 
tooth calipers to measure tooth thickness, 
Fig. 21-4. 


Fig. 21-4. Measuring tooth thickness with a gear Vernier 


Caliper. (L. S. Starrett Co.) 


CHORDAL THICKNESS is the length of the 
chord along the pitch circle between the 
two sides of the tooth (the distance mea- 
sured when a gear-tooth caliper is used 
to measure the tooth thickness atthe pitch 
спете hig. 21-43 


WORKING DEPTH of two mating gears is 
the sum of their addendums. 


WHOLE DEPTH is the total depth of a 
tooth space (addendum plus dedendum). 
Whole depth also equals the working space 
plus clearance. 


PRESSURE ANGLE is the angle between 
the tooth profile and a radial line at their 
intersection on the pitch circle. 


BACKLASH is the amount by which the 
width of a tooth space exceeds the thick- 
ness of the engaging tooth on the pitch 
circles. 


INTERNAL DIAMETER is the diameter 
of a circle coinciding with the tops of the 
teeth of an internal gear. 


OUTSIDE DIAMETER is the diameter of 
a circle coinciding with the tops of the 
teeth of an external gear (same as adden- 
dum circle). 


RACK is a gear with the teeth spaced along 
a straight line. 


= a EE c 


CENTER DISTANCE is the distance be- 
tween the axes of mating gears. 


BASE CIRCLE is the diameter from which 
an involute tooth curve is generated or de- 
veloped. 


PIN DIAMETER is the diameter of the 
measuring pin or ball. 


PIN MEASUREMENT is the dimension of 
the measurement over pins for an external 
gear; between pins for internal gear. 


Spur Gear Representation 
and Specification 


Most industries, rather than draw the 
tooth profile in gears, follow the practice 
of representing spur gears by showingthe 
addendum circle (outside diameter) and 
the dedendum circle (root diameter) as a 
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phantom line or a long dash line. A center 
line is used to show the pitch diameter 
(see blueprint page 174). Some prints will 
show a few teeth in the circle for clarity 
(see blueprint page 271). 


Specifications necessary for the ma- 
chining of the gear are usually given in 
a data block located on the drawing. This 
practice eliminates the possible error 
when the figuring is done in the shop. Oc- 
casionally it may be necessary to figure 
gear data and when the diametral pitch 
and number of teeth are known, most re- 
maining data may be figured with the aid 
of one of the following formulae: 


SYMBOLS FORMULAE 
K Pe 
Pitch Diameter D = 
т 
4 р 
Circular Pitch - ВЕ ea = - 
N 
Diametral Pitch = Ра Pa ET 
N +2 


Outside Diameter – Dg Dom 
Number of Teeth = М 


Other formulae may be found in a ma- 
chinists! text or handbook. The American 
Gear Manufacturers Association (AGMA) 
has established a range of quality classes 
from 3 (crudest) to 15 (most precise) for 
coarse pitch gears. Fine pitch gears are 
separately standardized intoclasses num- 
Бегеа 5 (crudest) through 16 (most pre- 
cise). 


Bevel Gears 


The bevel gear is another type of gear 
that is found in common use in industry. 
The spur gear, discussed in the previous 
section, is like a wheel with teeth in its 
edge. The bevel gear is more like a cone 
section with teeth on its conical side that 


+ 

* 
» 
- 
я 
+ 
+ 
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Fig. 21-5. Bevel gears. (Western Gear Corp.) 


transmits motion and power to a mating 
gear, Fig. 21-5. Most mating bevel gears 
have their shafts at right angles (90 deg.), 
Fig. 21-5, but the shaft angle may be other 
than 90 deg. The geometry and identifica- 
tion of bevel gear parts are given in Fig. 
Дра 


Pitch Apex to Back 


Pítch Apex 


to Crown Crown to 


Back 


12 іт 


[7 v Dedendum 
42 Ў Й С Depth 
Pitch pm 


х 
Ф 
Р е 
< 4 
а 


ЈЕ 


Fig. 21-6. Bevel gear nomenclature. (Sterling Instrument 


Div. of Designatronics, Inc.) 
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The specifications necessary for cut-. 


ting a bevel gear are usually given in the 
gear data block on the drawing. Formulas 
for eutting bevel gears vary with the type 
of gear and are too numerous to list in 
this blueprint reading text. If a certain 
formula is needed, it may be found in a 
machinists' handbook. 


Worm Gears 


The worm gear is another gear type 
in common use, Fig. 21-7. It is used for 
transmitting motion and power usually at 
90 deg. angles. The worm gear (wheel) and 
the worm (screw) are also used for speed 
reduction since one revolution of a single 
thread worm is required to advance one 
tooth on the gear. 


To inerease the length-of-action, the 
worm gear is made of athroated (concave) 
shape to wrap around the worm. On double- 


Жақын г 


аа 


4.” 
me a ao OR 


(Western Gear Corp.) 


Fig. 21-7. Worm gear and worm. 


enveloping worms, the worm is a "hour- 
glass" shape. 


Fig. 21-8. Worm gear nomenclature. 
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Fig. 21-9. Splines (a) involute and (b) parallel. 


Worm Gear Terminology 


The terminology for worm gearing, 
Fig. 21-8, is much the same as for spur 
and bevel gearing except for a few terms: 


LINEAR PITCH is 
point on one worm thread to the next. It is 
equal to circular pitch of worm gear. 


distance from given 


LEAD is the distance any one thread ad- 
vances in one revolution. For a single- 
threaded worm, the linear pitch and the 
lead are the same. For a double-threaded 
(two threads) worm, the lead is twice the 
linear pitch; for а four-threaded wormthe 
lead is four times the linear pitch, etc. 


LEAD ANGLE is the angle the lead makes 
with a perpendicular line to the worm axis. 


THROAT DIAMETER is the diameter of a 
circle coinciding with the tops of the worm 
gear teeth at their center plane. 


The specifications necessary Гог ЕЕ 
ting а worm gear and worm are usually 
given in a data block on the drawing. If 
additional data are needed, check the re- 
quired formula in a machinists! handbook. 


Splines and Serrations 


Splines and serrations are like multiple 
keys on a shaft which prevent rotation be- 
tween the shaft and its related member. 


SPLINES may have parallel sided teeth 
but the use of splines with involute teeth 
are increasing in use today, Fig. 21-9, In- 
volute splines are produced with the same 
technique and equipment as is used for 
gears. There are two types of fits for 
splines: (1) on the major diameter and (2) 
on the sides of the teeth. For each type of 
fit there are three classes of fits: (1) slid- 
ing (class 1 side fit), (2) close (class 2 
side fit) and (3) press. 


SERRATIONS are primarily intended 
for parts fitted permanently together and 
have different tooth proportions and higher 
pressure angles than splines. They are 
well adapted for use on thin wall tubing. 


Terms for involute splines and serra- 
tions are the same as for spur gears. Usu- 
ally, data for producing splines or serra- 
tions are given on the blueprint. When 
formulae are needed, check a machinists' 
handbook. 
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Blueprint Reading Activity 21 -BPR-1 
SPUR GEAR 


Refer to the blueprint in Fig. 21-BPR-1 andanswer the following questions. 


. Give the name of the part. 


What is the number of the print? 


. What materialis to be used? 


What heat treatment is the part tore- 
ceive? 


. The finished gear must meet what 


hardness test? 


. How many are required and on what 


assembly is this part to be used? 


How many teeth is the gear to have? 


. Give the pressure angle. 


What is the meaning of the abbreviation 
(REF.) following the addendum? 


What is the number of the mating gear 
and how many teeth does ithave? 


Give the measurement over pins for 
the gear after hobbing. 


Give the tolerance limits for the hole 
after the finish grinding operation. 


List the dimensions for the keyway be- 
fore grinding. 


What relationship must exist between 
faces of gear and hub with the bore? 


What chamfer is called for onthe hole 
diameter 2 


Give the width of the face of the gear 
after finish grinding. 


|: 


10. 


Ши. 


12. 


13. 


14, 


15. 


16. 


For additional Blueprint Activities for Unit 21 


see pages 270, 273, 274, and 277. 


Blueprint Reading for Industry 


('зиј s21004/puBisag “arg зизшпцзи Било) | "iunidenjq Кцвари| "z-Mdg-IZ 514 


— 09/109 4 М 


AOA мам 
2802 1МмМ3У/11315Мм1 МО15123334 


ЭМ14315 


37725 су () за нулпему 
? е 


+ Ма Loves d3idioads 5631м01 
5аомучалој 


931412395 SSIMYAHLO 
LHOI3A SS31Nn мама 3o2vduns 
'23dS ASIMYSHLO SS31Nh 58903 dHVHS аму вныпа 11V зложзъ 
ом!муза SIHI 11Уү35 LON ОА 


поза “ON 
NO aasn ЕН Wall 


ПИ 71 2 


жена зукизза 


39NV1SId й | 
змоз язув 8LF 009 -F is 
зомунузто зноз y 39NVAOV 6.5//09-02) 
WHOSINN ^v. Sova 22 1001 | мож, IAY pA 


| 


ШЕЛ 
кома NE А P 


ямуле 30 
AN 39NVi1SIQ змоз 
NN 2 | 


810 ° қпамзазо | 
| 

O CAE мпамзаоу | cum 

ооо + 


319NV | 
E 3ats1no Dc Ao ou HLOOL | 
E 0970. || "панзаач | 
и иза ЗУ! на Erro СОН ОЛД N 
? SS3JNMX21IHA 
| 5720 ЕЕЕ SN 
uv39 : 319NV SS3N321H1 SS 
, 2 йпанзаза |5# 20. | МЕ SS 
~ || NMONO OL = 
АБ p 686 c X3dV нэша ЕЕ 
Ў > 1нона 0225. || Заеапо 22 
HLOIM AY 
NN : злому $ Ра: таг RUNS 74 


ЗЭМУ1510 
3NO5. 

X3dV нола 319NV 

NMO3U2 OL ВЭ 22 ноша. 
X3dV НИЗ = 319NV. 

o запозна: 


Яша 69 “8133125 || 140 ччзо 


60//60 А| 


116 


Gears, Splines and Serrations 
Blueprint Reading Activity 21-ВРК-2 
BEVEL GEAR 
Refer to the blueprint in Fig. 21-BPR-2 andanswer the followings questions. 


1. What is the name of the part and draw- МА 
ing number? 


2. Give the number of the part from which 25 
the gear is to be cut. 


3. This print indicates а change order. ай 
How do you know the print has been 
revised to reflect the change? 


4. What surface texture is specified? 4. ce 
5. What finish is specified? 5, 
6. How many are required for the next Жа СРЕ es с. 


assembly? Give assembly number. 


7. How many teeth is the gear tohave? Е 

8. What is the size of the pressure angle? са 

9. Give the circular thickness of the 9, 
tooth. 

10. Give the pitch angle of the gear. 10. 


11. How much is the tool to be advanced iil. 
on each cut? 


12. This gear meshes with what gear? 12. 
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Blueprint Reading Activity 21-BPR -3 
WORM GEARS 


Refer to the blueprint in Fig. 21-BPR-3 and answer the following questions. 


. Give the name and number of the blue- 


print. 


. What is the materialspecification? 


. What general surface texture is re- 


quired? 


For Gear No. W5-108: 


4. 


5. 


19. 


117 


12. 


How many teeth does the gear have? 


What is its: 


. What is the diameter of its center 


bore? 


. What surface texture is specified for 


this hole? 


How many threads are on the mating 
worm? 


. Give the lead angle. 


This worm wheel mates with what 
worm? 


What relationship must exist between 
datum А and the outside diameter? 


State the relationship which must exist 
between the end surface of the gear 
hub and the center bore. 
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1, 


10, 


11, 


12. 


. Pitch diameter 


ттгтгтт тт ____-_ _-___-________ 


Throat diameter 
Outside diameter 
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Blueprint Reading Activity 21-BPR-4 
SPLINES 


Refer to the blueprint in Fig. 21- BPR-4 and answer the following questions. 


. What is the name and number of the 


part? 


. What materialis specified? 


Has achange order been issued against 
the print? 


What surface texture is required? 


. What type spline is to be machined? 


. Give the specified pressure angle. 


Give the class of fit. Is this a sliding, 
close or press fit? 


. How many teeth are to be cut? 


. What is the major diameter of the 


spline? Length? 


Give the pin diameter and the mea- 
surement over pins. 


Give the keyway dimensions. 


Interpret the thread specification. 


1, 


10. 


112 
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_____ ________-. 


о ЕЕ 


Diameter 
Length 


Pin Dia. 
Measurement over Pins 


PART 5 
READING BLUEPRINTS 
IN SPECIALIZED AREAS 


Unit 22 
Reading Numerical 
Control Documents 


Today, products arebeing designed and 
blueprints are being prepared specifically 
for numerically controlled (N/C) machin- 
ing, Fig. 22-1. М/С programs, writtenina 
manner that electronic devices can "геад," 
are prepared by individuals called PRO- 
GRAMMERS (persons who understand the 
N/C language and have a technical back- 
ground in machine shop procedures, ma- 


у зе. 
TIS 


Fig. 22-1. Numerically controlled drill showing tape 
reader and control panel. (American Standard, Inc.) 


chine tool capabilities and blueprint read- 
ing). 
N/C Programming Documents 


Machinists or technicians who operate 
N/C equipment must know how toread and 
interpret N/C documents which accompany 
the production job, to maintain a high level 
of performance of numerically controlled 
equipment and to give helpful information 
to the programmer for the purpose ofim- 
proving programmed instructions. 


N/C PRODUCTION BLUEPRINTS. The 
blueprint may or may not be labeled for 
numerically controlled machining, but it 
is likely that the dimensioning was done 
from datum points, edges, surfaces or 
planes (see blueprint on page 188). Fea- 
tures will be located by datum (fixed or 
zero point) dimensioning or tabular di- 
mensioning to facilitate the "writing" of 
the N/C program. 


PROGRAM MANUSCRIPT SHEET indi- 
cates the name of the part, part number, 
tape number, operator number, program- 
mer's name, date, set points for location 
of part on machine table, operator's in- 
structions and a program manuscript (in 
a numerical language) for each sequence 
(see the program sheet on page 186), Each 
sequence number or Ппе 15 calleda BLOCK 
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and controls a specific action of the ma- 
chine tool. 


MACHINE SETUP SHEET details the 
tool and machine setup and gives the oper- 
ator instructions for locating the part on 
the machine table (see the sheet on page 
187). The sheet also indicates the total 
number of tools used and total number of 
HITS or times the tools are used. 


PROGRAM MANUSCRIPT PRINTOUT 
is a typed copy of the program for easy 
referral and verification of the punched 
or magnetic tape program, Fig. 22-2. It 
may be produced at the same time the 
tape is prepared or it may be run later 
from the tape. 


001 01437 02889 11 
002 02312 
0790509921225 00325 113 
004 03437 


Fig. 22-2. Typed copy of М/С program manuscript. 


PERFORATED TAPE is used to con- 
trol the operation of most N/C machines, 
Fig. 22-3. Small holes are punched in the 
tape forming the NUMERICALLANGUAGE 
that the electronic reader and control pan- 
el on the М/С machine can "геа4 and un- 
derstand," 


Reference Point Systems 
The two systems of programming N/C 


machines are the INCREMENTAL and the 
ABSOLUTE. 


Reading Numerical Control Documents 


INCREMENTAL SYSTEM refers tothe 
preceding point when making the next 
movement. Each move is described as a 
distance and direction from the preceding 
point- -it does not refer to a fixed zero 
or datum point. The incremental system 
is adaptable to the POINT-TO-POINT ог 
POSITIONING method of N/C machining 
(Example: drilling a number of holes) as 
well as the CONTINUOUS PATH or CON- 
TOURING method (Example: milling anir- 
regular form). 


ABSOLUTE SYSTEM refers to a zero 
point which is fixed or adatum point. Each 
move is described as a distance and di- 
rection from the point of origin or zero 
point. The absolute system is adaptable 
only to the point-to-point method of N/C 
machining. The program sheet on page 
186 is an example of the absolute system 
of programming. 


ZERO SET POINTS. An М/С machine 
is wired either for a FIXED ZERO set 
point or a FLOATING ZERO set point. In 
the fixed zero system the machine refers 
to this point as zero and parts to be ma- 
chined are located with reference to this 
point. On the program manuscript sheet 
for the REAR COVER BRACKET, page 
186, the set point X0 is to be 1.000 inch 
from machine zero. The YO is to be 3.000 
inches from machine zero. 


In the floating zero system, the N/C 
programmer may establish zero at any 


Fig. 22-3. Perforated tape which contains "numerical language" to control machines. 
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convenient point by loading itinto the elec- 
tronic control system. 


Interpreting an N/C Program 


Dimensional instructions for an N/C 
program are given on a two or three di- 
mensional coordinate plane, Fig. 22-4. 
When the operator is facing a vertical 
spindle machine, table movement to the 
left or right is the X direction or axis. 
Table movement away from the operator 
or toward the operator is called the Y di- 
rection or axis. Vertical movement of the 
working tool is called the Z direction or 
axis. The machining of some parts re- 
quires the use of only the X and Y coordi- 
nates; others require X, Y and Z. 


It is easier to understand the direction 
of movement if you assume the table re- 
mains stationary and the tool moves over 
the work. When the work is located on the 
table with the datum zero point ай the zero 
point of the machine, movement of the tool 
along the X axis to the right is in the +Х 
direction and to the left isinthe -X direc- 


+2 


TABLE ASSUMED 
TO BE STATIONARY 


tion. Movement of the tool into the work 
away from the operator is known as p. 
Movement of the tool toward the operator 
is -Y. Tool movement down into the work 
is known as -Z, and up from the work is 
known as +Z, Tool movements are assumed 
to be in the PLUS direction unless marked 
MINUS. 


Refer to the program sheet on page 
186, Sequence number 001 calls for an X 
dimension of 01.437 and a Y dimension 
of 02.889 (dimensions are given in thou- 
sandths). Station number 11 of the turret 
punch press is used for this sequence or 
operation. This station is equipped with 
a rectangular tool .187 x .375 x 1/32R 
mounted in the direction of the Y axis (see 
Turret Setup sheet, page 187). The photo, 
Fig. 22-5, shows an N/C punch press 
similar to the one used for this job. 


А study of the X and Y dimensions on 
the blueprint, page 188, indicates that se- 
quence 001 centers the punch in station 11 
directly over the upper left-hand rectan- 
gular slot B and will punch the slotduring 
the sequence operation. 


TOOL ASSUMED TO MOVE 
OVER AND INTO WORK 


ZERO SET POINT 


Fig. 22-4. Numerical control coordinates. 
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Reading Numerical Control Documents 


Fig. 22-5. A numerically controlled punch press in operation. 


(Perkin-E ImerCorp.) 


Sequence 002 changes the X axis di- 
mension to 02.312 and the Y axis remains 
unchanged. A study of the blueprint indi- 
cates the machine is positioned and will 
punch the other rectangular slot. 


Sequence 003 changes the X axis to 
00.312, the Y axis to 00.375 andthe station 
to 13. A study of the blueprint reveals that 
this sequence will punch the lower left- 
hand hole A. Notice that the punch at sta- 
tion 13 is a .375 round and thatthe size of 
hole A specified in the data block on the 
blueprint is .375. 


Let us now look at sequence 005. This 
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contains a minus X positioning. This means 
that the -X dimension is centered .250 to 
the left of the datum. The Y axis is plus 
and located 1.084 above the datum, Se- 
quence 005 is using station 1 and a study 
of the machine setup sheet indicates this 
station is equipped with а rectangular 
punch .500 x 2.250 mounted in the direc- 
tion of the Y axis. When this tool is cen- 
tered at -X .250 and Y 1.084,itis in exact 
position to shear along side F. 


You will have an opportunity in the 
blueprint reading activities which follow 
to try your skill at interpreting N/C blue- 
prints and related documents. 
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WIEDEMATIC PROGRAM SHEET NO. 1 OF / 


G.E. MARK CENTURY CONTROL 


PART NAME BLACKE 7 РЕЗЕ COVE е 
PART NO. 2 EL LES Q DET. ю. / REV. 2 E. 
IT | Turrets Left - íncrease no 


287: 
oes аа аа OPER. NO. А Turrets Right - decrease no's 
PROG. BY: Le Диме DAE 6-5 - EE Program Stop 
SET WORKHOLDERS AT: 6 26 __ Information Delete 

é (4 Position = Don't punch 

| — [M0 [Operator's instructions 0000 | 
OPERATOR'S INSTRUCTIONS: 


о | wx | a | ю Мера | ю = 
2 о/осоү|208|03830|о30о0. 


~ 


РАТТЕКМ M 1 Complete one pattern 
M 2 Complete one seq. all patterns 


No. Х Number of patterns in "x" axis 


Ах Distance Between Patterns in "x" axis 


хо From mach, zero (edge of sheet) to pattern "0" 


No. Y Number of patterns in "У" axis 


Ат Distance between patterns in "Ү" axis 


YO From Mach. zero (edge of sheet) to pattern "0" 


SERRE SS SENE Se 


d 
53 
53 
со 
> 
> 
E 


DIR ко. FUNCTIONS 


ж 
t 
е 
= 


„= ве m 

~ | | | |» | 

УКУ © У б Sn УКУ + 
x Ул % 

4 МЛ 
N | zh à 

LEE x 

|| «| (| «| «|| «| | | | 


AMAN 
ара | ај «| | | 


Уу DH A © S Q > D O D > © Uu 

~ M % o E с 

AN з бо к ЈА | 85 
аа ш> SEE EUER 


У 
n 


ыыы 


| 
| 
ЕС” e 


ыы 


ь 
ь 


^ 
o 
n 
5 
о 
> 


Program sheet for Fig. 22-ВРЕ -1. 
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2.000 Sq. 5.Р. 


1/2 (.500 d. 
( ) 8 13/32 (.406) ва. 


„000 Rect, (R) 
E25. x* 1 ect. ( 250 x 1.125 (1) 


a à 3/8 (.375) Rd. 
ES 

ADJ. HOLDERS у 

"B" - 13, 24, 26 clin MEAE S 

"c" - 3, 18, 29 d А RECT ARI 
А15 WIEDEMATIC PRESS 
218 TURRET SETUP 

OPERATOR'S INSTRUCTIONS 


1/4 (.250) Rd. 
18C 


10009254. S.P. 


9/32 (.281) Rd. 
108 0) 4 (.187) Ва. Guided 


98 (ту. #20 (.161) Ad. Guided 


EL Y 
500 2. 256 
SET WORKHOLERS АТ: 2. Rect. (Т) 
78 


9 #7 20 КО 


3/4 (.750) Rd. 228 


58 
SETTINGS: | 
; 68% #29 (7136) Rd. Guided 


31 (.228) Rd. 
26B tanrent radial 


a SP .375 х 1.500 Rect. (T) 
1/2 (.500) 54.5.Р. КЕ С 1/8 (.125) Rd. Guided 


7/8 (.875) Rd. 7 


(8) 


„210 x 3550 RS ке CT) 


— 


У 5050) x 500 Reck. 


250 х 1.000 Rect. 


#33 (.113) Rd. Guided * 


.500 x 2.250 Rect. (R) 


TOTAL: Toos 4 nirs L200 


5/16 (.312) Rd. 


NOTE: Punches are shown in hit position 


L & S PIN SHEAR INSTRUCTIONS 


“АЯ “4зча 


PIECES/SHEET eo 
lst Shear ё /2 2 ма 


2nd Shear 
3rd Shear ~ 


GWYN Luvd 


Р) 


4th Shear 
OPER. INSTRUCTIONS 


:alva 


-F 


roam 1-0442-03 


Machine setup sheet for Fig. 22-ВРК-1. 
187 
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Blueprint Reading Activity 22-ВРК-1 
NUMERICAL CONTROL 


Refer to the blueprint in Fig. 22-BPR-1 and related documents on pages 186 and 
187 and answer the following questions. 


| 1. What is the name and number of the 1. 


part? 


| 2. What materialis specified? 2. 
3. Give the overall size of the partinthe om 
flat. 
4. Give the size of the holes A. ee “27-235 А 
5. Give the dimensions for slot В. ЖЕП ое: «uU ro В 
| 6. What tolerance is permitted between oM a (эне о “2... со. 


the two holes marked A? 


7. What tolerance is permitted onthe di- Т. 
mension 2.889? 


8. Describe the work being performed ЫРЫ Wu ——. E 
during sequence number 4 including ШИ ах 5E A 
the type of tool used. 


9. Describe the work being performed 9. вещи б 
during sequence numbers 6 through Sequere C — м s _. 
15. Seq. 8 


10. Give the overall dimensions of the 10. 
folded part. 


For additional Blueprint Activities for Unit 22 see pages 278 and 286. 
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WIEDEMATIC PROGRAM SHEET NO. 1 252 
| G.E. MARK CENTURY CONTROL 


PART МАМЕ BRACKET- ELAME IGMITER 
PART NO. „2O3-/7Z 8 DET. No, / REV. 2 Е AUXILIARY FUNCTIONS 
8 
ТАРЕ КО. / OPER. NO, IT | Turrets Left - increase no S. 
Turrets Right - decrease no's 

PROG. BY: - 2.72:44о  БАТЕ /0-/4- ___ 
SET WORKHOLDERS AT: G a M02 Information Delete 

| Ес [M03 | Position - Don't punch | 


M03 
M06 


Operator's instructions 


OPERATOR'S INSTRUCTIONS: 


Ng 
~ 


С) 
zi 
Е 
з 5 
шог 


Д nor] oy | 


/г500 | С/ООО ў 


22020090 


5 


~ 


Complete one pattern 


TURR. | STA. AUX. 
DIR. NO. FUNCTIONS 


2 Complete one seq. all patterns 
c MM EE No. Х Number of patterns in "х" axis 
СЕЕ A х Distance Between Patterns in "х" axis 
0 хо From mach, zero (edge of sheet) to pattern "О" 
о. №. No. Y Number of patterns in "У" axis 

МНЕ Ат Distance between patterns in "У" axis 
— Yo From Mach. zero (edge of sheet) to pattern "0" 
a CERO 
as Жам 


| N N 


Program sheet for Fig. 22-BPR-2. 
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WIEDEMATIC PROGRAM SHEET 
G. E. MABK CENTURY CONTROL 


SHEET NO: Z ОР 22. SHEETS 
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Reading Numerical Control Documents 


Blueprint Reading Activity 22-ВРК-2 
NUMERICAL CONTROL 


Refer to the blueprint in Fig. 22-BPR-2 and related documents on pages 190, 191, 


and 194 and answer the following questions. 


18r 


12. 


los 


14, 


. Whaí is the name of the part and print 


number? 


. Give the material specification. 


What is the overall size of the flat 
stretchout? | 


. What tolerances are specified between 


holes? 


What change was made in the latest 
revision of the print? 


. On what assembly is this part used 


and in what quantity? 


Give the size for the following fea- 
TURES: 


. Interpret sequences 4 through 6. 


Interpret sequences " through 10. 


Interpret sequences 11 and 12. 


. What sequences are used to punch the 


four holes marked B? 


The C hole is punched in what se- 
quence? 


List the sequence(s) used in machining 
the following features: 


At what angle are the end tabs to be 
bent? 
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Unit 23 


Precision Sheet 
Metal Blueprints 


Growth in the instrumentation, elec- 
tronic, and similar industries has brought 
about the need for a special type of work 
in thin-gage metals. This field of work is 
known as PRECISION SHEET METAL and 
may be defined as "working thin-gaged 
metals to machine shop tolerances." The 
caleulations and layout are so exact that 
when the metal is machined in the flat po- 
sition and then folded or assembled, the 
relationship and location of the resulting 
planes and features are withintheir speci- 
fied tolerances, Fig. 23-1. 


1. MATERIAL .097 ALUM. 
2. TOLERANCE + .010 
3. BEND RADII = 1/32 


Calculations and Layouts 


Usually blueprints will be dimensioned 
in the flat layout formby the design-drafts- 
man to achieve the desired dimension of 
the part and its features after it is folded 
or assembled. However, it is helpful to 
know how the dimensions arecalculatedin 
the event this must be done in the shop or 
field. 


The calculations for allowances in bend 
radii may be obtained directly from a set- 


Fig. 23-1. Precision sheet metal part. 
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|Баск chart ог by use of the formulae Бу 
{which the charts were developed. 


| Set-Back Charts 


Set-back charts are available in most 
jindustries where precision sheet metal 
work is done. A portion of a chart for 90 
| deg. bends is shown in Fig. 23-2. A more 
| complete chart is shown on page 333. These 
charts will save time and errors in cal- 
culations in the shop. 


The set-back figure is found by follow- 
ling across the row representing the bend 
| radius until it meets the vertical column 
| representing the thickness of the sheet 
' metal to be bent. For example, a bendra- 


PRECISION SHEET METAL 
SET-BACK CHART 


MATERIAL THICKNESS 


.106 


320 | 137 
ОС ОЛ Л 
Е 134 | .150 
| 


| Fig. 23-2. Precision sheet metal set-back chart for 90 
deg. bends. 


would require а set-back figure of .106, 
Fig. 23-2. The diagram in Fig. 23-3 and 
the formula which follows show the appli- 
cation of the set-back figure incalculating 
the DEVELOPED LENGTH (length in the 
flat to produce desired folded size) of a 
precision sheet metal part. 
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зүс: 
(5ТОСК 5 
THICKNESS) T Y 
Fig. 23-3. Diagram for calculating developed length from 
set-backchart. 


Using the set-back chart: 


Developed Length = X + Y- 2 
Where: X = outside distance of one side 
Y - outside distance of other side 
Z = set-back allowance for the 90 
deg. bend (from chart, Fig. 


20-2) 
Example: 
tac 100 
064 ДЕ 
75 

Developed Length = Х + У - Z 

= ШЫЙ а> оне DIO 

= 1.75 = 110 


Developed Length 1.64 


Formula 


One of two formulae is used for cal- 
culating the lineal length of the bend on 
precision sheet metal parts, depending on 
the size of the bend radius and the thick- 
ness of the metal. After finding the lineal 
length, the developed length (length in the 
flat) can be calculated. 


Fig. 23-4. Diagram for calculating developed length 
using formula. 


To find A (the lineal length of a 90 deg. 
bend), Fig. 23-4, when В, (inside radius) is 
LESS THAN TWICE THE STOCK THICK- 
NESS use the formula: 

А = їй (бй а) 
To find A, where R = 1/160r.0625 апа 


T = .064 (inside radius is less than twice 
the stock thickness): 


А = 1/285 (В + .4T) 
= 1/2 x 3.1416 (.0625 + .4 x .064) 
= 1 2108 C0625 + 0250) 
- 1.5708 (.0881) 

А = .1384 = Lineal length of bend 


When the bend radius is MORE THAN 
TWICE THE STOCK THICKNESS the fol- 
lowing formula should be used to find A 
(LINEAL length of bend): 

А = 1/2п (В + .5Т) 

To find Ше developed length ofthe part 
after the lineal bend length (A) has been 
found, refer to the diagram in Fig. 23-4 
and use formula which follows: 


Developed Length = X + Y + A - (28 + 2T) 


Where: X = outside distance of one side 
Y - outside distance of other side 
А = lineal length of bend 

В = the bend radius 

ap 


= the material thickness 


Example: 


00--- 
ша” 


.064 — 0625" 
#9 
Developed Length 
= ТОО F -79 T 1384 О 


1,8884 - ,253 
1,6354 ог 1,64 


Note that the two examples used the same 
part and dimensions. The same answer 
was obtained using the chart as was ob- 
tained using the formulae. However, the 
process is much shorter using the set- 
back chart. 


Layout and Fold Procedure 


1. Calculate (by formula or from chart) 
developed length and feature locations, and 
lay out. 

2. Make two identical pieces to overall 
dimensions. 

3. With forming die, form one piece 
and check measurements for length, 

4. If tolerances for length are off, make 
adjustments and make two more identical 
blanks. 

9. Lay out features and form one piece 
and check length and location of features. 

6. If tolerances are off, make adjust- 
ments and repeat steps 4 and 5 untila part 
within tolerances is obtained, 

Ч. When a satisfactory folded part has 
been obtained, its identical mating piece 
becomes the blank die pattern for building 
the blank die or making subsequent parts 
for the form die. 


The formulae as well as the set-back 
charts for precision sheet metal work pro- 
vide data that are approximate due to the 
differences in the coefficients of expansion 
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in bending of the various blank metals 
used. It is, therefore, advisable to have a 
duplicate blank in the "Пай" to refer to in 
making adjustments until overall mea- 
surements and feature locations meet the 
tolerances specified. 


Reading P recision Sheet Metal Blueprints 


Blueprints for precision sheet metal 
parts are read in the same manner as 


other blueprints in the metal machining 
and fabrication industries. Some prints 
will be fully dimensioned as the blueprint 
on page 200, Other prints willcontainfew, 
if any, dimensions but willbe accompanied 
by a polyester film print that is dimen- 
sionally stable, from which the toolmaker 
will work directly in making a "flat pat- 
tern tool," (see blueprint on page 202). 
Parts will then be made with the use of 
this flat pattern. 
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Blueprint Reading Activity 23-ВРК-1 
PRECISION SHEET METAL 


Refer to the blueprint in Fig. 23-BPR-1 andanswer the following questions. 


. Give the name of the part and drawing 1. 
number. 

. What materialis specified? 2. 

. What tolerances aretobeheldbetween 5). 


holes? Between holes and edges? 


. Give the overall size of the partinthe 4. 


flat position. 


. Interpret the final machine process for За = - Р 2 
the three holes marked A, ет С OE... lc 

. Give the size of hole D as limit di- ONERE анне ыз == 
mensions. 

. What angle must surface X make with T 2... NERIS Eoi. ee T 


the vertical center line Y after the 
part is formed? 


. What is the bend radii for the part? 8. - : 
. Give the width of the slot at 4. OE EUER on c 
. Give the number of the assembly on 100 


which this part is used апа the quan- 
tity. 


For additional Blueprint Activities for Unit 23 see pages 292 and 295. 
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Blueprint Reading Activity 23-ВРК-2 
PRECISION SHEET METAL 


Refer to the blueprint in Fig. 23-BPR-2 and answer the following questions. 


. What is the name of the part and print 18 
number ? 
. Give the material size and specifica- 20 


tion for the -1 part. 


. How are the holes to be located for the 3. rr 
rivets? 

. What is the diameter of the rivet holes? Пр за el Se тн 

. Give the diameter of holes Y as limit Eno. Une ERREUR ЛЭХ а 
dimensions. 

. How many holes Y aretobe machined, Da Г < талт” 2-2 


and what relationship must exist be- 
tween the holes? 


. State the diameter of hole Z as a plus le 
or minus tolerance. 


. What angle does surface X make with 8: 
the rest of the part after bending? 


. Give the bend radius of -3 part. 27 


. What does т e mean on the print? 10. 
н 


. What finish is specified for -2 part? ШІ 
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Unit 24 
Welding Blueprints 


Reading welding drawings is quite sim- 
ilar to reading other drawings except for 
the symbols involved. The American Weld- 
ing Society has developed and adopted stan- 
dard procedures for using symbols to in- 
dicate the exact location, size, strength, 
geometry and other information necessary 
to describe the weld required. The welding 
symbols included in this Unit will assist 
you in reading and interpreting drawings 
involving welding processes. 


Elements of Welding Symbols 


It is important to distinguish between 
the WELD SYMBOL and the WELDING 
SYMBOL, The weld symbol indicates the 
type of weld only, and the welding symbol 
consists of the following elements: 


REFERENCE LINE is the horizontal 
line (may appear vertically onsome prints) 


REFERENCE LINE 


(OF JOINT) 


(OF JOINT) 


Fig. 24-1. Basic welding symbol. 


portion of a welding symbol whichis joined 
by an arrow and a tail, Fig. 24-1. 


An ARROW is usedtoconnect the weld- 
ing symbol reference line to one side of 
the joint. This is considered the ARROW 
SIDE of the joint. The side opposite the 
arrow is considered the OTHER SIDE of 
the joint, Fig. 24-1. 


The TAIL SECTION shown in Figs. 
24-] and 24-2 is used for designating the 
welding specification, process (for аррге- 
viations see page 335), or other reference 
such as an industry specification, 


TO 


Fig. 24-2. Tail section designating Laser Beam Welding. 


BASIC WELD SYMBOLS for various 
types of welds are shown in Fig. 24-3. А _ 
тоге comprehensive list of weld symbols 


and their applications are shown on page 
334. 


LOCATION OF WELDS are indicated 
by their placement on the reference line. 
Weld symbols placed on the side of the 
reference line nearest the reader indicate 
welds on the ARROW SIDE of the joint, 
Fig. 24-4. Weld symbols on the reference 
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БЕШЕ Tp 


FLANGE 
EDGE CORNER 


Fig. 24-3. Basic weld symbols. 


GROOVE 


i eur on 
SPOT OR 
PROJEC- SEAM 
TION SQUARE BEVEL 


FLARE 
BEVEL 


ве of Weld 


seam ир Взе! 
EI X px [X ШЕШЕ 


(With permission of The 


American Welding Society) 


line side away from the reader indicate 
welds on the OTHER SIDE of the joint. 
Weld symbols on both sides of the refer- 
ence line indicate welds on BOTH SIDES 
of the joint. 


r Ф- 


ARROW SIDE OTHER SIDE BOTH SIDES 


Fig. 24-4. Location of welds. 


DIMENSIONS OF WELDS are shown on 
the same side of the reference line as the 


SIZE 


М WELD 
| 


DIMENSIONS 
GIVEN IN NOTE 


of 


Еа а че 


weld symbol, Fig. 24-5(a). When the 41- 
mensions are covered by a general note, 
such as "ALL FILLET WELDS 3/8" IN 
SIZE UNLESS OTHERWISE NOTED," the 
welding symbol need not be dimensioned, 
Fig. 24-5(b). When both welds have Ше 
same dimensions, one or both may be di- 
mensioned, Fig. 24-5(c). The pitch of stag- 
gered intermittent welds is shown to the 
right of the length of the weld, Fig. 24-5(d). 


SUPPLEMENTARY ANDOTHER SYM- 
BOLS used with the welding symbol to fur- 
ther specify the type of weld are discussed 
under the following: 


PITCH 
gos OF WELD 

+ 3-1 

1 
STAGGERED 
INTERMITTENT 
WELD 

с d 


Fig. 24-5. Dimensions of welds. 
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CONTOUR SYMBOL shown next to the 
weld symbol indicates fillet weldsthat are 
to be flat-faced, Fig. 24-6(a); convex, Fig. 
24-6(b); or concave-faced, Fig. 24-6(c). 


> 


с 


Fig. 24-6. Contour symbols. 


GROOVE ANGLE, Fig. 24-7(a), is shown 
on the same side of the reference line as 
the weld symbol. The size (depth) of groove 
welds is shown to the left ofthe weld sym- 
bol, see Fig. 24-7(b). The root opening of 
groove welds, Fig. 24-7(c), is shown inside 
the weld symbol. 


45° 


с. 


16 


с 


Fig. 24-7. Groove symbols. 


SPOT WELDS are called out for size in 
diameter, Fig. 24-8(a), strength in pounds, 


Fig. 24-8(b); pitch (center to center), Fig. 
24-8(c); and number of spot welds, Fig. 
24-8(4). 


400 
.25' 
а b 
(6) 
d 


C 
Fig. 24-8. Spot weld symbols. 


WELD-ALL-AROUND symbol, Fig. 24-9, 
indicates the welds extending completely 
around a joint. 


ёе 


Fig. 24-9. Weld-all-around symbol. 


FIELD WELD symbol indicates the welds 
which are not made in the shop or place 
of initial construction, Fig. 24-10. 


Fig. 24-10. Field weld symbol. 


MELT-THRU symbol indicates the welds 
where 100 percent joint or member pene- 
tration plus reinforcement is required in 
welds made from one side, Fig. 24-11(а). 
When melt-thru welds are to be finished 
by machining or some other process, a 
contour symbol is added, Fig. 24-11(b). 
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Eu x 


а b 


Fig. 24-11. Melt-Thru symbols. 
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FINISH SYMBOL indicates method of fin- 
ishing (С = chipping; С = grinding; М = ma- 
chining; В = rolling; H-hammering) and 
not the surface texture (see Melt-Thru 
above). | 
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Welding Blueprints 
Blueprint Reading Activity 24-BPR-1 
WELDING 


Refer to the blueprint in Fig. 24-BPR-1 and answer the following questions. 
. Give the name and drawing number of 1. 

the assembly. 

. Have changes been issued against the 2. 


drawing? If so, how many? 


. How many separate parts are required 3. 
in the assembly? 


. What effect does the local note have on 4. 


the welding to be done? 


. What process is specified for allofthe 5. 
welds? 


. Refer to the symbols and interpreta- 6. W 
tions in this Unit and to the AWS Stan- 
dard Welding Symbols on page 334 and 
interpret the following symbols on the 
blueprint: X 


For additional Blueprint Activities for Unit 24 see pages 296 and 299. 
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Welding Blueprints 


Blueprint Reading Activity 24-BPR -2 
WELDING 


Refer to the blueprint in Fig. 24-BPR-2 and answer the following questions: 


. What is the name and number of the 1. 


part? 
. What is the total number of parts re- 2. 
quired to make the weldment (the welded 


assembly)? 


. Give the description, material andsize 3. 
of item 5. 


. How are bolt holes to be aligned? 4. 


. Interpret the type of welds required to 5. 1 and 2 
join parts: 


1 and 3 


3 and 4 


1 and 5 
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Unit 25 


Instrumentation and 
Control Diagrams 


This Unit will introduce you to the ba- 
sic symbols and diagrams used in instru- 
mentation and control circuits and assist 
you in reading andinterpreting graphic di- 
agrams. 


Types of Diagrams 


Several types of diagrams or drawings 
are used in showing instrumentation and 
control circuits. These include GRAPHIC, 
PICTORIAL, CUTAWAY and COMBINA- 
TION DIAGRAMS, Fig. 25-1. The emphasis 
in this Unit will be graphic diagrams since 
these are the most widely used in industry, 
and since the graphic symbols have been 
standardized. 


GRAPHIC DIAGRAMS consist of graph- 
ic symbols joined by lines that provide an 
easy method of emphasizing functions of 
the circuit and its components, see Fig. 
25-1(A). 


PICTORIAL DIAGRAMS are used when 
piping is to be shown between components, 
Fig. 25-1(B). 


CUTAWAY DIAGRAMS consist of cut- 
away symbols of components and enipha- 
size component function and piping between 
components, Fig. 25-1(C). 
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COMBINATION DIAGRAMS utilize, in 
one diagram, the type of component illus- 
tration that best suits the purpose of the 
diagram, Fig. 25-1(D). 


After you have learned the basic sym- 
bols and sequence of operations used in 
instrumentation and control circuits, you 
will have little difficulty in reading any of 
these four types of diagrams. 


Terms Used in Instrumentation 
and Control Work 


ACCUMULATOR: A container in which 
fluid is stored under pressure as а source 
of fluid power. 


ACTUATE: To put devices and circuits 
into action. 


ACTUATOR: A device for converting hy- 
draulic energy into mechanical energy. A 
motor or cylinder. 


CIRCUIT: The complete path of flow in a 
fluid power system including the flow- 
generating device. 


COMPONENT: A single hydraulic or pneu- 
matic unit, 


Blueprint Reading for Industry 


CONTROL: A device used to regulate the 
function of a component or system. 


ENCLOSURE: A phantom line rectangle 
drawn around components to indicate the 
limits of an assembly on a diagram. A 
housing for components. 


FLUID: A liquid or gas. 


PORT: An internal or external terminus 
of a passage in a component. 


RESERVOIR: A container for storage of 
liquid in a fluid power system. 


RESTRICTION: А reduced cross-sectional 
area in a line or passage which produces 
a pressure drop. 


Graphic Symbols for 
Fluid Power Diagrams 


Many instrumentation and control cir- 
cuits for machine tools involve fluid pow- 
er (liquid or gas) and the symbols in Fig. 
25-2 are those commonly found on blue- 
prints for these circuits. 


Supplementary Information to 
Accompany Circuit Diagrams 


Once you have become familiar with 
the symbols, graphic diagrams are rela- 
tively easy to read and understand, In ad- 
dition to the graphic diagram, blueprints 
of circuit diagrams usually include alist- 
ing of the sequence of operations, solenoid 
chart, and components used to facilitate 
understanding of the function and purpose 
of the circuit and its components. 


SEQUENCE OF OPERATIONS is an ex- 
planation of the various functions of the 
circuit explained in order of occurrence. 
Each phase of the operation is numbered 
or lettered and a brief descriptionis given 


of the initiating and resulting action, This 
information is usually given in the upper 
part of the sheet or on an attached sheet, 


SOLENOID CHART. If solenoids are 
used in the circuit, a chart is normally 
located in the lower left corner of the blue- 
print to help explain the operation of the 
electrically controlled circuit. Solenoids 
are given a letter on the diagrams andthe 
chart shows whether the solenoids are en- 
ergized (+) or de-energized (-) at each 
phase of system operation. 


COMPONENT LIST, sometimes called 
a Bill of Materials, includes the name, 
model number, quantity, and supplier or 
manufacturer of components in the cir- 
Each component in the diagram is 
numbered and keyed to the component list, 
Where two or more identical components 
are used, the same key number is used, 
followed by a letter. The list usually ap- 
pears in the upper right corner of the blue- 
print. 


cuit. 


Reading a Graphic Diagram 


Let's try reading the pneumatic graph- 
ic circuit diagram shown in Fig. 25-3, 


A. Familiarize yourself with the diagram 
by matching the numbers in the com- 
ponent list with their graphic symbols 
in the diagram. Refer to the list of 
graphic symbols in Fig. 25-2 for fur- 
ther clarification. 


B. Follow the sequence of operations: 

1. Valve (5)is depressed (manual--see 
symbols) to start cycle. 

2, After valve (5) is shifted, follow the 
air flow through valve (7A) on to 
where it shifts valve (4) to direct 
air to head end of cylinder (10), 

3. The piston in cylinder (10) extends 
to contact work (riveting operation) 
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Instrumentation and Control Diagrams 


and also depresses valve (7B). 
When a predetermined pressure is 
reached, tonnage control valve (6) 
(set at 80 pounds per square inch) 
opens and reverses valve (5). 

The reversing of valve (5) now shifts 
the air flow and shifts valve (4) to 
direct the air flow to the rod end of 
cylinder (10). Air pressure that was 


on the head of the cylinder is ex- 
hausted to the atmosphere by this 
same shift of valve (4). 


. Valve (7A) is actuated at the end of 


the piston rod return which permits 
the air flow to flow through valve 
(7A) and centers valve (4), neutral- 
izing the pressure on the rod end 
and head end of cylinder (10). 


A 20-gate fluidic manifold containing various devices. 
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Fig. 25-ВРР-1. Industry blueprint. (Unidynamics) 
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10. 


Sequence of Operation After First Start-Up 


(Refer to Blueprint Reading Activity 25-ВРБ-1.) 


. Operator actuates the two pushbutton 


valves and 
to descend. 


,until weight starts 


. Air passes through (1) and (2) to (3) 


and pilot of : 


. Four-way valve (5) is shifted, ex- 


hausting head end of cylinder and 
pressurizing rod end of cylinder. 


Weight of ram descends. 


. Speed of descend is controlled by ex- 


haust control 


б, 


10. 
11. 


Timac air timing valve (3) is timing 
until time interval has elapsed. 
Timac vents air line from and 
With pilot exhausted, spring return of 
four-way valve will shift valve to 
normal position. 

Rod end of cylinder is exhausting 
and head end is pressurized. 

Weight rises. 

Speed of ascend is controlled by ex- 
haust control 


Blueprint Reading Activity 25-BPR-1 
INSTRUMENTATION AND CONTROL DIAGRAMS - PNEUMATIC 


Refer to the sequence of operations above 
and answer the following questions. 


What is the name of the circuit? 


. Give the drawing number. 


. How many different component parts 


are listed in the list of components ? 


. What starts the sequence of oper- 


ations 2 
What causes valve 5 to shift? 


When valve 5 shifts, what happens to 
cylinder 4? 


. What part controls the time of the cyl- 


inder decent? 


. What causes cylinder 4 toreverse and 


rise? 


What does the phantom line around 
valve 3 indicate ? What components are 
included? 


Is it necessary to depress valves 1 
and 2 during entire cycle of press op- 
eration? Why? 
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10. 


and to the blueprint in Fig. 25-ВРБ-1, 
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Instrumentation and Control Diagrams 


90 Ton Hydraulic Press Schematic 
(Refer to Blueprint Reading Activity 25-ВРЕ-2.) 


Sequence of Operations 


Description: A system to control a 90 
hydraulic “explosive compaction" 
press. The press ram decends at a con- 
trolled rate, compacting the explosive 
charge slowly, to avoid the possibility of 
detonation due to a sudden shock. 


ton 


1. Cycle is initiated by energizing sole- 
noid A which shifts control valve 
and supplies pressure to the head end 
of the hydraulic cylinder which op- 
erates the ram of the press. 

2. The ram cylinder extends ataslow 
rate controlled by the fluid in the cyl- 
inder rod end which must pass thru Ше 
flow control valve 2 

3. When the cylinder is fully extended and 
the pressing pressure is reached, pres- 
sure switch de-energizes solenoid 
А and energizes solenoid В. This shifts 
control valve to the extreme oppo- 
site position and retracts ram cylinder 

. Control valve has an integral 


check valve which permits the free flow 
of fluid in the opposite direction, caus- 
ing cylinder to retract rapidly. 

4. Retraction of cylinder actuates lim- 
it switch (8) which de-energizes sole- 
noid B returning the control valve 
to the neutral position, completing the 
cycle. 

5. Two relief valves in the circuit pro- 
vide two working pressures. Onthe up- 
stroke of the cylinder the low- 
pressure relief valve controls the 
pressure. On the down-stroke the high- 
pressure relief valve limits the 
maximum press tonnage. 


The circuit has a safety feature in the 
spring centered, double solenoid operated, 
3-position, 4-way valve . If an electri- 
cal power failure should occur, both sole- 
noids would de-energize and valve 
would return to the center position, with 
the center position ports blocked, thus 
stopping the ram cylinder travel im- 
mediately. 


Blueprint Reading Activity 25-BPR-2 
INSTRUMENTATION AND CONTROL DIAGRAMS - HYDRAULIC 


Refer to the sequence of operations above and to the blueprint in Fig. 25-BPR-2, 


and answer the following questions. 
1. Give the name of the circuit, 
` 2. What is the drawing number? 


3. What starts the sequence of opera- 
tions? 


4. The shifting of valve 3 supplies pres- 
sure to which end of cylinder 7? 


5. What causes the cylinder to extend at 
a slow controlled rate? 
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6. What may occur in the sequence to 
cause cylinder 7 to retract? 


7. Cylinder 7 retracts rapidly. What is 
the cause of this? 


8. What completes the cycle? 


9. In case of an electrical power fail- 
ure, what would happen tothe system? 
Why? 


10. May the system be stopped at any 
time? How? 


Fluidic Control Systems 


Another type of control circuitry that 
is finding many applications in industry 
because of its flexibility and reliability is 
FLUIDICS --a low-pressure air system 
(3-10 psig), Fluidics are used as a means 
of sensing and controlling fluid power cir- 
cuits, 


Terms Used in Fluidic Control Systems 


It is necessary tobecome familiar with 
the basic terminology and abbreviations 
used in fluidic control systems in order 
to read and interpret symbols and circuit 
diagrams. Those terms common to other 
instrumentation and control systems, and 
included earlier in this Unit, are not re- 
peated here, 


.FLUIDICS: A technology concerned with 


LO, 


logical control functions and uses fluid 
interactions to produce control signals. 


DEVICE (GATE): Another name for а fluid- 
ic component. 


CONTROL SIGNAL: A pressure signal 
used to operate the device. 


OUTPUT SIGNAL: Air pressure at an out- 
put port sufficient to operate other fluidic 
or interface devices. 


MONOSTABLE: A device that is stable 
only on the О, port and will switch back to 
the O, port when the control signal is not 
maintained. 


BISTABLE: Device with two stable states 
and when switched from one output port 
to the other will remain at that port even 
though control signal is not maintained. 
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INTERFACE DEVICE: A device which is 
controlled by a fluidic device and which 
actuates various pneumatic and hydraulic 
components such as cylinders and rotary 
actuators that perform the actual work ге- 
quired. 


Pg: Pressure in the form of air supply. 
Cis Čas Сасе. Control ports. 


От, 02: Output ports, 
Fluidic Control Devices 


There are numerous standardized com- 
ponents for fluidic control circuits but 
only those most commonly used are dis- 
cussed here. A more complete listing is 
available in the American Standards pre- 
pared by the National Fluid Power Авво- 
ciation. 


FLIP-FLOP is a bistable device which 
can be made to switch its output from one 
port to the other. This is accomplished by 


Fig. 25-4. Schematic of air flow in a Flip-Flop. 


providing the proper control signal at one 
of the control ports, say C, to produce an 
output pressure at О, Fig. 29-42 


The output will continue at this port 
(pressure at Р. is assumed іп allot ето = 
cussions in this section) even though the 
control signal C, is removed. A control 
signal at C, will cause the output pressure 
to shift to O, where it will continue until 
a control pressure is applied at С,. 


The Flip-Flop derives its name from 
the two stable states, О, and О,, and can 
be made to Flip-Flop from опе to the other. 


The graphic symbol for the Flip-Flop 
as recommended by the National Fluid 
Power Association is shown in Fig. 25-5. 
A TRUTH TABLE is also shown which de- 
picts the operation of the Flip-Flop. The 
symbol X represents the presence of pres- 
sure while the symbol O represents the 
absence of pressure. 


Fig. 25-5. Graphic symbol and truth table for fluidic Flip- 
Flop device. 


OR/NOR GATE is a monostable device 
designed to provide an output at the О, 
(NOR) port when a control signal is not 
present. When pressure is present at one 
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Fig. 25-6. Graphic symbol and truth table for OR/NOR gate. 


or any combination of the control ports, 
the output will switch to the O, (OR port). 
This device is used in the controlling of 
components such as a spring-loaded hy- 
draulic valve in a fluid power circuit to 
actuate а cylinder. The valve wouldbe ac- 
tuated as longasthere was a signal present 
at Сі or Са (or both). When the signal is 
removed from the control port(s), the out- 
put signal would be shifted to the O,port, 
permitting the spring-loaded hydraulic 
valve to return to neutral position, thus 
retracting the cylinder. 


The graphic symbol and truth table for 
the OR/NOR gate is shown in Fig. 25-6. 


INHIBITED OR GATE is very similar 
to the OR/NOR gate except that it provides 
for the О, and output tobe overridden when 


хоххохо 
«хохжооР 
хкхоооор 
<кхосохр 


desired by Ше presence of ап inhibiting 
factor at C,. For example, in a drilling 
operation it may be desirable to actuate 
the drill motors and move them into the 
workpiece, but not if another signal is 
present indicating the workpiece is not in 
position, This later signal (Cj) inhibits the 
O, (OR) gate and prevents the signal from 
moving to the O, port until the inhibited 
signal is removed, 


The symbol and truth table for the In- 
hibited OR gate are shown in Fig, 25-7, 
Note that the output is at О, ШЕЕ 
is present ог С, and С, are absent. Output 
will be atO, (OR) олу С, or С are pres- 
ent and ээс 


AND САТЕ isa monostable device used 
to determine when two control signals are 


Fig. 25-7. Graphic symbol and truth table for Inhibited OR gate. 
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Fig. 25-8. Graphic symbol and truth table for AND gate. 


present and may be contrasted to the NOR 
gate which is used to determine when none 
of the signals is present. A typical use of 
the AND gate would be when two signals 
must be present before another function 
is permitted to occur. For example, be- 
fore a stamping operation can be per- 
formed, the correct tool must be in place 
and the work positioned. An AND gate 
could be used to signal this condition and 
initiate the stamping operation. Fig. 25-8 
shows the standard graphic symbol and 
the truth table for the AND gate. 


DIGITAL AMPLIFIER is similartothe 
Flip-Flop in that it is possible to switch 
the output from one рог to the other. How- 
ever, the Digital Amplifier is monostable 
and it is necessary to keep a signal pres- 
ent at the proper control port in order to 
maintain the desired output. 


The advantage of the Digital Amplifier 
is that it has greater output pressure than 
other fluidic devices, approximately 60 
percent of supply pressure, and can be 
used to control interface devices where 
other fluidic devices may not have suffi- 
cient pressure, particularly when several 
devices are used in series (one after the 
other) or when long control lines arenec- 
essary. 


The standard symbol andthe truth table 
for the Digital Amplifier are shown in Fig. 
De 


ONE-SHOT is a device used toconvert 
a sustained signal into a 10 millisecond 
pulse of fixed duration. A control signal at 
C, will cause the output to shift to O, for 
a period of 10 milliseconds. Then, even 
though the signal at Сү is maintained, the 


* Involid States — in thot o control signal must be present olwoys а! 


| one, ond only one, contro! port. 


Fig. 25-9. Graphic symbol and truth table for the Digital Amplifier. 
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9, 0 
Fig. 25-10. Graphic symbol for One-Shot. 


output shifts back to O,.-A typical appli- 
cation of the One-Shot might be when both 
pilots of a spool valve (double pilot oper- 
ated valve) are pressurized at the same 
time and the valve will not move; there- 
fore, one pilot must be exhausted before 
the opposite can be pressurized. This is 
accomplished by sending the shifting sig- 
nal through a One-Shot before it actuates 
the valve pilot, Exhausting one pilot allows 
the valve spool to move when it receives 
pressure at the opposite pilot. 


The symbol for the One-Shot is shown 
іп bigs 25-10, 


Fig. 25-11. Graphic symbol for Back Pressure Switch. 


BACK PRESSURE SWITCH (opposite of 
the OR gate) is used to detect the closure 
of a sensor. The output is normally from 
О,. When 5 is blocked, see Fig. 25-11, the 
output will switch to O,. The Back Pres- 
sure Switch is used in conjunction with 
mechanical components such as a pneu- 
matic push button to initiate various se- 
quences, See blueprint on page 228. 


1. Extracted fram USA Standard Drafting Practices Fluid Power Dia- 
grams (USASI Y 14.7—1966), with permissian of the publisher, The 
American Society af Mechanical Engineers, United Engineering 


Center, 345 E. 47th Street, New York, N. Y. 10017. 
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Industry photo, showing the use of the Gage Nest 
which is drawn in Fig. A-8-BPR-l on раде 231. 
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Cylinder Extension F luidic Circuit 


(Refer to Blueprint Reading Activity 25- BPR-3.) 


Sequence of Operations 


Description: A fluidic control system 
to extend and retract apneumatic cylinder 
which in turn performs a clamping opera- 
tion. The sequence of operations is as fol- 
lows: 


1. The normal position of the cylinder is 
in the retracted position. This is ef- 
fected by the use of a push button, two- 
way inline, normally closed, manually 
operated, spring-loaded valve 5 

2. Initially, when the control air is turned 
on, pressure from the Back Pressure 
Switch (2) is blocked, by valve (1)? 
causing an output at О. 

3. This O, output signals the C, control 
port of Flip-Flop which switches its 
output to the O, side, thus actuating the 


4-way fluidic interface valve (2) and 
holds cylinder in the retracted po- 
sition. 

4. When the operator desires to extend 
cylinder (5) , thereby clamping the 
workpiece, he depresses push button of 
valve 

5. Depressing of the push button of valve 

exhausts the Back Pressure 5 port 
and permits an output at О,, 

6. The O, output of the Back Pressure 
Switch signals C, of Flip-Flop (3) which 
switches its output to the O, port. 

7. The О output of Flip-Flop 220 
control valve (а), extending cylinder 

to a clamping position. 

8, Release of the push button on valve ey 
completes the cycle by retracting the 
cylinder, releasing the workpiece and 
readying the system for the next piece. 


Blueprints Reading Activity 25-ВРК-3 
INSTRUMENTATION AND CONTROL DIAGRAM - FLUIDICS 


Refer to the sequence of operations above and to the blueprint in Fig. 25-BPR-3, 


and answer the following questions. 


1. What is the name of the circuit diagram? 
The drawing number? 


2. What is the normal position of the cyl- 
inder? 


3. What actuates the system and clamps 
the workpiece? 


4. When the workpiece is inaclamped po- 
sition, valve 4 is controlled by which 
output port of Flip-Flop 3? 


5. What is the normal position for valve4 
as shown? 


6. Must the push button for valve 1 bede- 
pressed during entire clamping period? 
Why? 


1 
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3. 


For additional Blueprint Activities for Unit 25 see pages 300, 304, and 307. 
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Blueprint Reading Activity A-8-BPR -1 
DETAIL AND ASSEMBLY DRAWINGS 


Refer to the blueprint in Fig. A-8-BPR-1 and answer the following questions. 


1. Is this a detail or assembly draw- 
ing? 


2. What views are shown? 
3. Give the overall size of the part. 


4-12. Identify the following features in 
the other views. 


13. Give the diameter of Р. 


14. Give the reamed diameter of В. 
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Advanced Blueprint Activities 


Blueprint Reading Activity A-8-BPR-2 
DETAIL AND ASSEMBLY DRAWINGS 


Refer to the blueprint in Fig. A-8-BPR-2 and answer the following questions. 


1. What type of an assembly is repre- ШЕ 
sented? 


2. Give the name of the assembly. Мосс С аа: - 


3. What is the number of the drawing? 3. 


4. How many steps are involved in the 
adjusting of the brake? 4. 


5. In what position is the brake handle 2 
when step "1" is performed? 


6. Circle the direction in which the knob 6. 
is turned. 


7. What position is the brake handle to ro 
be in during steps "2" and "3"? 


8. The lever on the brake assembly will 8. 
be in what condition when step "3" is 


completed? UM eoe ;.. ——— Н 


9. In what position is the brake handle 9. 
during step "4"? 


10. How is final adjustment made to the 10. 


brake? мнв 


11. When is the brake properly adjusted? 11. 
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Blueprint Reading Activity A-11-BPR-1 
DIMENSIONS AND TOLERANCES 


Refer to the blueprint in Fig. A-11-BPR-1 and answer the following questions. 


10. 


11: 


12: 


152. 


14. 


15. 


16. 


234 


. What is the name of the part? 1. 
. What is Ше print number? 2, 
. What general tolerances are given? 8r 
. Name the type section shown. 4. 
. What is the scale of the original plan? 5. 
. What materialis specified? 6. 
. Give the overall dimensions. m. 
. Give the dimensions and/or specifi- 8. А. 
cations for the following features: F. 
G. 
H. 
. Give the line or surface in the rt. side 
view that represent the following in $a A 
the front views: ў 
What relationship must exist between TOES 
features E and K? C and K? се 
Give the specification for С. Ile 
What surface texture is required for 
surfaces E and J? A and B? POSEE 
A-B 
What feature is controlled by dimen- 
sion at D? 13. 
Give the heat treatment specification. 14. 
What finish specification is given? 15. 
How many of this part are required 
for the next assembly? 16. 
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Fig. А-11-ВРЕ-Т. Industry blueprint. (Motorola, Inc.) 
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Blueprint Reading Activity А-11-ВРК-2 
DIMENSIONS AND TOLERANCES 


Refer to the blueprint in Fig. A-11-BPR-2 and answer the following questions. Give 


. What is the name of the part? 


. Give the drawing number. 


What is the radius of the feature at E? 


. Give the dimensions for the following: 


. Give the diameter and depth of the 


hole at J. Will this be through to the 


slot? By how many millimeters? 
. What is the width of the slot at K? 
. What is the diameter of the hole at P? 


. Give the diameter and thickness of 


the boss after machining at P. 


. Give the angle and tolerance which 


the pedal pad must make with the 
arm. 


What is the thickness of the part along 
the hole at E? 


LO, 
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Blueprint Reading Activity A-12-BPR-1 
SECTIONAL VIEWS 


Refer to the blueprint in Fig. A-12-BPR-1 and answer the following questions. 


i. What is the name of the object? 15 

2 Give the number of the drawing. 2. | 

| 

3. What materialis used forthe casting? 3. 

4. What type of section is shown? 4. 

5. Give the overall finished dimensions 5. 
of the cast sheave. 

6. Give the inside diameter ofthe recess 6. 
for the friction rings. 

7. What is the diameter, in inches, ofthe Т. 
drill to be used for the rivet holes? 

8. How many rivet holes aretobe drilled 8. 
and what is their location? 

9. How many friction rings are required В: 
and where would their description be 
found? 

10. Give the dimension for the center hole 10. 
and indicate what type of а dimension 
it 18. 

11. How wide are the belt grooves at the 112 
6 in. diameter? What angle are they 
to be? 

12. What is the center distance between is 
belt grooves? 

13. Give the thickness and major diam- "es 
eter of the grooves in the center hole. 

14. What is the thickness of the sheave 14. 


beyond the 3.275 diameter? 
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Blueprint Reading Activity A-12-BPR-2 
SECTIONAL VIEWS 


. Give the name of the part and draw- 


ing number? 


. What material 18 specified? 


What type sectional views are shown? 


. Give the overall size of the piston 


after machining. 


. What are the limit dimensions for the 


diameter just below the upper ring 
groove? 


Give the diameter and width of the 
lower ring groove after machining. 


. What radius is specified for the inner 


diameter of the ring grooves? 


What is the width and two diameters 
of the upper ring groove? 


What is the measurement of the upper 
ring groove over .050 diameter gage? 


Give the limit dimensions on the di- 
ameter and the depth of the reaming 
operation for the two holes in the ring 
grooves. 


Give the size of the piston rod holes. 


What is the center distance ofthe pis- 
ton rod holes from the base? 
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Refer to the blueprint in Fig. A-12-BPR-2 and answer the following questions. 


1. 
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Blueprint Reading Activity A-14-BPR -1 
TITLE BLOCK 


Refer to the blueprint in Fig. A-14-BPR-1 and answer the following questions. 


. What is the name and number of the ТЕ 
blueprint ? 


. What is the scale of the original plan? 2. 


. How large was the drawing made? 3. 

. What material is specified? In what 4. 
form? 

. Give the heat treatment specification, De 

. What hardness is specified? 6. 

. This part is used on what model? Т, 

. Give the limit dimension for the hole. 8. 


. What is the thickness of the part 9. 
through the hole? 


. Give the dimension between the hole 10. 
and the arc on the right side, as a 
limit dimension. 


. This drawing has been released to Iu 


production by how many individual 
approvals, exclusive of changes? 
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Blueprint Reading Activity А-14-ВРК-2 
TITLE BLOCK 


Refer to the blueprint in Fig. A-14- BPR-2 and answer the following questions. 


. Give name and number of the draw- ПЕ 
ing. 


. What is the scale of the original plan? 2. 


. Give the material specification. ds 
. What heat treatment is specified? 4. 
. Оп what assembly is this part used? 5. 


How many? 


. Give the turned dimension of diam- 6. 
eter D and G which are to be hard- 
ened. 

. Give the location dimension of hole Т. 


1С in relation to the center lines. 
. What kind of a dimension is this? 8. 


. Give the limit dimensions for diam- 9. 
eter B after grinding. 


. What is the depth of the bored hole 10. 
on the right end? 
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Blueprint Reading Activity А-15-ВРК-1 
LIST OF MATERIALS 


Refer to the blueprint in Fig. A-15-BPR-1 and answer the following questions. 


1. What is the name of the part or as- m 
sembly? 
2. Give the drawing number. 2. 
3. What is the scale of the originalplan? 3. 
4. What is the block called that lists the 4, 
materials? 
5. How many different parts are listed? 5. 
6. What is the name of Part No. -6? 6. 
7. How many support flange parts are 13 
required? 
8. What material is used for Part No. 8. 
-4? 
9. Give the specification for Part No. We 
21 
10. What is the weight of Part No. -3? 10. 
11. Give the overall dimensions for the 143 
length of the assembly. Тһе diameter. 
12. What part has the greatest diameter? Ци 
13. Give the dimension and the tolerance 13. (a) 
limits on the inside diameter of the: (b) 
(a) Tube, (b) Band, and (c) Part No. -3. (c) 
14. What is the part number forthe bel- 14, 
lows ? 
15. What is the indicated weight of the 15. 


assembly? Is this weight actual or 
calculated? 
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Advanced Blueprint Activities 


Blueprint Reading Activity А-15-ВРК-2 
LIST OF MATERIALS 


Refer to the blueprint in Fig. A-15-BPR-2 and answer the following questions. 


. What is the name of the drawing? 15 
. Give the drawing number. 2 
. What is the scale of the originalplan? 3. 5: 
. Give the name of the block that lists 4, 


the materials. 

. How many different parts are listed? 9. 
. Give the material, specification and Oe 
size for the -5 Tube. 

. What is the tensile strength of the 4: 
above material? 


. What is the unit weight of the -1 part? 8. 


. Give the dimension between rod end oR 
center holes for part -3. 


. How many MS20470AD3 rivets are 10. 
placed in each end of the tube? 


. What is the model on which the -3 part И» 


is used? How many are required on Е UEM a Rel. 


the final assembly? 
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Blueprint Reading for Industry 


Blueprint Reading Activity А-16-ВРК-1 
DRAWINGS NOTES 


Refer to the blueprint in Fig. A-16-BPR-1 and answer the following questions. 


1. What is the name of the part? 1: 
2. Give the drawing number. 2. 
3. What size drawing was made? 3. 


4. What is the scale of the original plan? 4. 


5. Give the material and specification br 
for the casting. 


6. What tensile strength is required of 6. 
the material? 


7. What part number is to be stamped T. 
on the part as required by note А P 


How is this to be done? 


8. How many general notes are included 8. 
on the blueprint? Local notes? 


9. What linear tolerance is allowed on 9. 
the casting? 


10. What military standard is to be used 10. 
in inspecting the casting? 


11. Give the diameter of the spot face for 11. 
the .37 DIA holes. 


12. How high above the surface are the 12. 
numerals indicating the part numbers ? 
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Advanced Blueprint Activities 


Blueprint Reading Activity A-16-BPR-2 
DRAWINGS NOTES 


Refer to the blueprint in Fig. A-16- BPR-2 and answer the following questions. 


. What is the name of the assembly? 


Give the drawing number. 


. What is the scale of the original plan? 
. What size drawing was made? 


. How many separate parts are re- 


quired for the assembly? 


. Give the material and specification 


of the -3 tube, 


. List the length of the assembly as a 


limit dimension. 


. What kind of a line is used to illus- 


trate the continuance of the bellows 2 


What standards must be met with the 
production proof test? 


. List the welding specification, 


How are the fusion welds to be in- 
spected? 


What heat treatment is specified? 
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Blueprint Reading for Industry 


Blueprint Reading Activity A-17-BPR-1 
THE CHANGE SYSTEM 


Refer to the blueprint in Fig. A-17-BPR-1 and answer the following questions. 


. Give the name of the part or assem- Па 
bly. 

. What is the drawing number? 2A 

. Give the material shape, size and 3, 


specification for the -3 part. 
. How many of the -5 parts are used 4. 
on assembly 265-530003? 


. The original drawing was revised on 5. 
how many different occasions? 


. What was the change in A5? 6. 


. What tolerance is given for the 3/8 7. 
inch diameter holes on the parts? 


. What surface finish is specified for 8. 
the machined surfaces? 


. Why are the visible surfaces called 3. 
out on the parts? 


. How does finished -3 part differ from 10. 
finished -5 part? 


. May parts completed and on hand at 11. 
the time of the change be reworked? 
What indication is there? 


. How many “dash 3" parts are re- 12. 


quired for the next assembly number 
265-530003? 
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Advanced Blueprint Activities 


Blueprint Reading Activity А-17-ВРК-2 
THE CHANGE SYSTEM 


Refer to the blueprint in Fig. A-17-BPR-2 and answer the following questions. 


. Is this a detail or assembly drawing? 


What is the name of the part? 


Give the drawing number. 


. What is the scale of the originalplan? 


What material is specified? 


. What tolerance is specified for datum 


D? 


. Revision B made a change in a di- 


mension. What was this change? 


. How did Revision D change the finish 


specification? 


What was the radius dimension at H 
prior во revision? 


What change was made in RevisionL? 


How did Revision N change the draw- 
ing? 


What is the next assembly on which 
this part is used? 


1. 


257 


10: 


Te, 


12. 


13. 
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Blueprint Reading for Industry 


Blueprint Reading Activity A-18-BPR-1 


THREADS 


Refer to the blueprint in Fig. A-18-BPR-1 and answer the following questions. 


. What is the name and number of the 


part? 


. What materialis specified? 
. Section AA is what type section? 


. What type of section is shown in the 


left side view? 


Interpret the thread specification for 
Ao 


. Give the limit dimensions on the ma- 


jor diameter of the above thread. 


. Give the size and tolerance for the 


drilled hole at B, 


. Interpret the screw thread callout for 


B. 


. What is the diameter and depth of the 


counterbore at B? 


Check the letter drill size chart in 
the back of this text for the correct 
tap drill at C. 


Interpret the thread specification at 
Ce 


What is the diameter and tolerance 
ait ID), 


Give the diameter at E. 
What size drill is to be used at F? 


How is the hole finished and to what 
size? 


1. 


LOE 


11. 


12. 


15, 


14. 
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Advanced Blueprint Activities 


Blueprint Reading Activity А-18-ВРК-2 
THREADS 


Refer to the blueprint in Fig. A-18- BPR-2 and answer the following questions. 


. What is the name and number of the 


assembly? 


. What is the scale of the originalplan? 
. What materialis specified? 


. How many separate parts are re- 


quired for the assembly? 


What change was made in the draw- 
ing by the last change order? 


. Interpret the thread specification at 


5. 


Interpret the thread specification at 
ШЕ; 


. Give the name and part number for 


U. 


. Give the dimensions of the feature at 


I. 


Interpret the callout for the thread at 
W. 


What size tap drillis to be used? How 
deep? 


What size hole is to be drilled at X? 
How deep? How is it to be finished? 


Give the size of the counterbore at X. 
Interpret the thread required at Y. 


Give the specifications for the feature 
at Z. 
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Blueprint Reading for Industry 


Blueprint Reading Activity A-19-BPR -1 
CALLOUTS FOR MACHINE PROCESSES 


Refer to the blueprint in Fig. A-19-BPR-1 and answer the following questions. 


. What is the name of the part? lic 
‚ Give the print number. 2) 
. What is the material specification? 3. 
. Give the specification for the threaded 4. 


part and interpret. 


. What angle does the tapered surface 95 
make with the center line of the part? 


. Caleulate the length of the taper. 6. 

. What surface finish is to be given the Ч. 
taper? 

. Give the diameter and tolerance of 8. 


the .06 groove. 


. State the diameter of the .056 groove © 
as a limits dimension. 


. What radius is to be held on the in- 10. 
side corners of the above groove? 


. What concentricity is specified for 11. 
diameter .3748? 


. What was the last change made to the 12. 
drawing? 
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Fig. А-19-ВРР-1. Industry blueprint. (Perkin-Elmer) 


263 


093 DIA -THRU 
LOCATE WITHIN оо25 оғ 


LET DT 


шаг DESC) D ST 


= XIS? Cuz BOTH ENDS 


ОИ. 
И 2/95 /TIRKED Ж 70 BE CONCENTRIC 
WITHIN 0002 TIR. 


А 2. CEN FERS КАЖАТ За OIN SOT DE E 
OOS R X 
272022 
(E 4:/ 
|. [| PERKIN-ELM 
. DO NOT SCALE DRAWING | instrument омзюн | нэмж, соннестс 
мм 1 DRAWN Тот | EC 
ГО m Бов от 20 | 2 e ee 
120-0121 Скоба? FIIIT Бас С ӨР [eam 


< 


112 


12. 


ШӘ. 


14, 


il 


16. 


Ta.: 


18. 


Blueprint Reading 


Activity A-19-BPR -2 


CALLOUTS FOR MACHINE PROCESSES 


Refer to the blueprint in Fig. A-19-BPR-2 and answer the following questions. 


. What type of a drawing is this? 
. What is the name of the object? 
. Give the drawing number. 


. What is the scale of the original plan? 


What is the material specification? 


. Give the overall finished dimensions 


of the piece. 
Changes have been made to the origi- 
nal drawing on how many different 


occasions 2 


How many features were affected by 
the changes in A? 


What is the callout for D? 


. Give the callout for E. 


How is the surface texture specified 
for G? 


What is the callout for H? 


Give the machine process specifica- 
tion for hole J. 


What is the relationship specified in 
the local note for К and 1,2 


How does top part of feature K differ 
from bottom part? 


What surface finish is specified for 
hole 1.2 


Interpret the chamfer callout for hole 
Бе 


Give the callout for M. 
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Blueprint Reading for Industry 


Blueprint Reading Activity А-20-ВРК-1 
TOLERANCES OF POSITION AND FORM 


Refer to the blueprint in Fig. A-20-BPR-1 and answer the following questions. 


. Give name and number of the print, Я 


. Has the drawing been revised? 2: 
. What materialis specified? 3. 
. Interpret the complete machine proc- 4. 
ess саПош and feature control sym- 
bol at C. 
. Give the surface texture for D andin- 9. 


terpret the feature control symbol 
controlling this diameter. 


. Give the specification for the hole at 6. 
E and interpret the feature control 
symbol. 

Ще 


. Interpret Ше feature control symbol 
controlling the relationship between 


F and H, 
. Give the dimension at G. 8. 
. What kind of a dimension is J? 9. 
. Interpret the complete specification 10. 


and feature control symbol at K. 
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Fig. A-20-BPR-1. Industry blueprint. 


NOTES: 
г INTERPRET DRAWING PER MIL-STD-100. 


2 REMOVE ALL BURRS AND SHARP EDGES EQUIVALENT 
TO .01 Е MAX UNLESS OTHERWISE NOTED. 


125/ UNLESS OTHERWISE NOTED. 


3 SURFACE ROUGHNESS 
4 ALL FILLET RADII ТО BE .03. 
9 THREADS PER NBS HANDBOOK H28. 


2 DIMENSIONAL LIMITS AND SURFACE ROUGHNESS 
DESIGNATIONS APPLY AFTER PLATING 


6.00 


4.17 


2.03 МАХ тно RUNOUT 


к E 


1.000 
Loga PA 


CSK I2O^X 1.19 DIA 
1.125 - 12 UNF-3B 
DEPTH SHOWM 


172 MIN 
FULL THD 


„ве 


CSK I20^X.81 DIA 
750 -16 UNF- ЗВ 


| ФЇВ| 010 DIA | 


З патас САЛАЖРМИТ MAD 


(Aerojet — General) 


261 


MARK PER ASD 
AND ASSIGNED 


232 
эзе PIA 


оз 


сок 90°X 1.14 МА 


< 


€ 
4 


5215С WITH 1042165-1 
SERIAL NO. 


1.800 240) 
190-320МР-38 Х.ЗО FULL 27-01 


MINOR DIA 
.44 MAX TAP DRILL DEPTH 
CSK гох .25 DIA 
4 PLACES EQUALLY SPACED 


„437 DIA | Ф|В|.огоги | 


[| | Том] CODE | — PART OR | NOMENCLATURE DR 
Qm REQ IDENT | IDENTIFYING ND.| — DESCRIPTION 


Эт ЕЕЕ 


REVISIONS 
DESCRIPTIDN 


(OXelo Sj es 


COMP CIOI& 
COND CF 


1 
| DATE [APPRoNED | 


1042185 | Jo 


СОРУ — | 


MATERIAL / SPECIFICATION 


PARTS LIST 


4 3 | 2 


AtROJIT 
BLREAAL 


HOUSING, 
REGULATOR VALVE 


| 


* AEROJET-GENERAL CORPORATION | 
DOWNEY, CALIFORNIA 


A 


Гр [| очих OTHERWISE SPECIFIED | cover vo 
НЕТ ава OIMENSIDNS ARE IN INCHES Ё 
an= TOLERANCE ON DECIMALS ANGULAR, ти 7. SONES 
рава ава ШЕЕ шесе 03 E Р 
ЕЕ ны | Юн psn 
шимж -. DD NDT SCALE DRAWING он 
Ішін гез ИВАНЕ | кезінді [Бе 211011 
ШО тэс эгээ! 
= |] 1042199 [75-0016 J FINISH CADMIUM PLATE нан тут айр о тнт на 
ГЕШ NERD NSSY |e USED OWL) 5005 ши Ung TA SIZE | 10 4 2 | 85 
i адо аса p | 13309 
DRAWING LEVEL 1042179 | “ 75 Мо 


[SPETT | 
1 ыс сь KEW. ты 


10. 


Advanced Blueprint Activities 


Blueprint Reading Activity А-20-ВРК-2 
TOLERANCES OF POSITION AND FORM 


Refer to the blueprint in Fig. A-20-BPR-2 and answer the following questions. 


What is the name of the part and print 
number? 


. Has the print been revised? 
. Give the heat treatment specification. 


. This part may be made from what 


forging part number? 


What surface texture is specified for 
Datums A, B and C? 


. Interpret the relationshipbetween Da- 


tum B and Datums À and C. 


. Interpret the feature control symbol 


controlling the two 15/32 holes. 


. Interpret the meaning ofthe 3.000 BA- 


SIC dimension. 


. Interpret the feature control symbol 


at Datum C. 


Interpret the callout for the threaded 
hole shown in Section B-B. 


ПА 


10. 


269 


ОР 


I 


10. 


141 


p 


13. 


14. 


Blueprint Reading Activity A-21-BPR -1 


SPUR GEAR 


Refer to the blueprint іп Fig. A-21- BPR-1 and answer the following questions. 


Give the name of the part and the part 
number. 


. What is the material specification? 


. What surface texture is specified? 


How many teeth are specified in each 
side of the gear? 


What is the pitch diameter? 


. If you were to measure the tooth with 


the gear-tooth caliper, what reading 
would you expect to get for: 

A. Tooth thickness ? 

B. Height of tooth face? 


. Give the tolerance limits for the key- 


way dimensions and its relationship 
to the center line. 


. What does the 1/8 inch offset above 


the center line indicate? 


What relationship must exist between 
the pitch diameter and faces of the 
teeth with the bore? 


Give the width of the tooth face as a 
limit dimension. 


What machine processes are to be 
performed on the teeth after they have 


been cut? 


Give the total width of the gear as a 
limit dimension. 


Give the addendum circle dimension. 


What are the dimensions of the ессеп- 
tric part in the gear? 
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Advanced Blueprint Activities 


Blueprint Reading Activity А-21-ВРЕ-2 
BEVEL GEAR 


Refer to the blueprint in Fig. A-21- BPR-2 and answer the following questions. 


What is the name of the part and the 
print number ? 


. Has the print been revised to reflect 


the change order? Where on print? 


. What materialis specified? 


. What heat treatment is called out? 


. Give the finish specification. 


. How many teeth are to be cut in the 


gear? 
What type bevel gear is to be made? 


What 
angle? 


is the value for the pressure 
Give the value of the face angle. Pitch 
angle. Root angle. 


What tolerance is permitted on these 
angles? 


Give the size of the pitch diameter 
and the allowed tolerance. 


What relationship is to exist between 
surface C and the bore? 


Give the diameter and tolerance ofthe 
chamfer at hole D. 


What is the specification for the cham- 
fer at E? 
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Blueprint Reading for Industry 


Blueprint Reading Activity A-21-BPR-3 
SPUR AND WORM 


Refer to the blueprint in Fig. A-21-BPR-3 and answer the following questions. 


1. What is the name and number of the 1. 
part? 


2. Give the specified material and size. 2. 


3. What heat treatment is specified? 3. 


4, How did Revision B3 change the part? 4. 


5. For the spur gear, give the following 5. No. of teeth 
data: Pitch dia. 
Addendum 
Мах. ‘Circular 
tooth thickness 
Dia. of measuring 
wires 
Part No. of 
mating gear 
Width of tooth face 


6. Give the following information for the 6. No. of threads 
worm: Lead angle 
Lead 
Pitch dia. 
Pitch dia. runout 
EER 
Part No. of 
mating gear 
Length of worm 
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Advanced Blueprint Activities 


Blueprint Reading Activity А-21-ВРК-4 
SPLINES 


Refer to the blueprint in Fig. A-21-BPR-4 and answer the following questions. 


What is the name of the part and the 
drawing number? 


. Has the print been revised? 


. What materialis specified? 


. Give the heat treatment specification. 


. What surface texture is specified? 


. What type spline is to be machined? 


How many teeth are in the spline? 


. Give the pressure angle. 


Give the pitch diameter. 


What relationship must exist between 
the splines andtheir axis? Ground di- 
ameters 2 


What relationship must exist between 
the hole shown in Section B-B and the 


shaft center line? 


Interpret the thread specification. 
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Blueprint Reading Activity A-22-BPR-1 
NUMERICAL CONTROL 


Refer to the blueprint in Fig. A-22-BPR-1, andto pages 280, 281, 282, 283, 284 an 
285, and answer the following questions. 


What is the name of the part and the 
drawing number? 


. Give the material specification. 
. How is the part to be finished? 


. How many tools are required in the 


machining of the part on the N/C ma- 
chine? What is tool No. 13? 


. How many parts are set up at one 


time? 


. Where is machine zero for X and Y 


axes? 


. Where is machine zero for the Z axis? 


. Give letters indicating features to be 


machined with 1/4 end mill. 


. What is the Z axis setting for this 


operation? 


Indicate by letters the part to be ma- 
chined with the one inch end mill. 


What two operations are performed 
at B as indicated on the programming 
manuscript? 


What three operations are performed 
at No. 13 asindicated on programming 
manuscript? Which letter represents 
this feature on the blueprint? 


How many operations are performed 
at H and J? List the tools used. 


What is the Z axis setting and the R 
data for the counterbore operation? 


Is hole A programmed on this tape? 
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Blueprint Reading for Industry 


Interpretations of Column Headings and Codes 
for 

Giddings and Lewis 70-NC-10V Numericenter 

(Reference to blueprints on pages 279 and 287.) 


Setup and Tooling Sheet 


T-Tool Роз. - - The position of the tool in the matrix. This number will 
be programmed into the N/C tape and the tool fed into the machine at 
the time required. 


Matrix- - A holding device for the tools which willbe fed automatically. 
There are two of these, a right and a left. 


J-Tool Comp. - - A compensation for tool depth that canbe manually set 
and the machine automatically compensates for this setting. 


Programming Manuscript 


Loc. No.-- Used for marking location of the particular operation or 
function on the shop copy of the blueprint as an assist to the machine 
operator. The two Perkin-Elmer blueprints used in this section have 
not been marked. These numbers also serve somewhat as sequence 
numbers. 


Code - - Used by the company for any special code. The -01 and -02 in- 
dicate end of program sequence. The -5 indicates a manual indexing of 
a rotary fixture. 


М/0 Seq. No. - - Sequence of operations. 


G-Prep. Code-- This is а standard preparation code for this machine 
indicating certain machine functions as: 


g00 - come to precise position and stop program. 

870 - position according to accuracy. 

572 - precise machining. 

g80 - tells machine how far to retract above work. 

581 - automatic drilling with Hydro-sense, tool rapid traverses to 
workpiece and then slowly feeds into work, then returns to the 
R setting. 

g82 - drill with dwell (provides for a number of revolutions of tool at 
bottom setting to produce a smooth finish). 

g83 - automatic tapping with feed. 

g85 - automatic reaming. 

587 - automatic boring cycle without retracting (tool feeds out instead 
of rapid traverse). 

g89 - automatic boring cycle with dwell. 
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Advanced Blueprint Activities 


X- and Y- Axis Data- -Settings for X and Y dimensions from machine 
zero. 


F-Mill Feed- - Coded in terms of feed rate. 
Z- Axis Data- -Settings for Z dimensions from machine zero. 


R- Data- - Rapid traverse distance from machine Z- zero. The Е data 
motion is an approach or retract motion at rapid traverse rate. 


E-Spdl. Feed- - Coded rate of spindle feed. 

S-Spdl. Speed - - Coded rate of spindle speed. 

T-Tool No. - - Number of tool position in matrix where tool is held. 
J-Tool Corp == вее ароме. 


Misc. Func. -- А number of functions are possible, following are ex- 
amples: 


M02 - end of program. 

M03 - right hand spindle turn. 
M05 - spindle off. 

M08 - coolant on. 


Pattern To Tape - -This indicates that the location of the 5 vises are 
6 inches apart which must þe programmed into the tape. 
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Blueprint Reading Activity A-22-BPR -2 
NUMERICAL CONTROL 


Refer to the blueprint in Fig. A-22-BPR-2, and to pages 284, 285, 288, 289, 290 
and 291, and answer the following questions. 


1. What is the name of the part and print ie 


number? 
2. What materialis specified? 2. 
3. Where is machine zero for X and Y 3. 
axes? 
4. Where is machine zero for the Z 4. 
axis? 
Se 
5. Interpret what is being done at lo- 
cation No. 1 with the 1" Ski-Kut (a 
spiral-type end mill). 6. 
6. What does the R Data of R02800 mean 
for the operation at location No, 1? T: 
7. What operation is being performed 
with the Ski-Kut at location No, 2? 
8. Two additional operations are per- 8. 
formed at No. 2. What are they? 
9. What does the g00 indicate? oF 
10. Describe the position of the part at 
station B." 10. 
11. What operations are performed at lo- 11. 
cation No, 3? IM. T--————————— 288 
Lei са ғы DO etm 
12. Describe the position of the part at 
station "С." 12. 
13. What operations are performed at lo- 13: 
cations Nos. 6, 7, 8, and 9? 
14. What does the g81 and the R00000 in- 
dicate for location No. 10 with the 1/8 
drilling operation? 14. 


15. The M08 code in the miscellaneous 
function column of the program man- 
uscript programs what function? 15. 
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Blueprint Reading for Industry 


Blueprint Reading Activity A -23-BPR -1 
PRECISION SHEET METAL 


Refer to the blueprint in Fig. A-23- BPR-1 and answer the following questions. 


. Give the name of the piece and the 108 
drawing number. 


. How many separate parts are needed 2. 
to make one bracket? 


. What materialis specified? 3. 


. Give the hole size at B and the posi- 4. 
tional tolerance. 


. What kind of a dimension is at C and Ба 
what is its meaning? 


Interpret the welding to be done at A. 6, 
. Give the welding rod specification, Ч: 
. Using the formula given in Unit 23, 8. 


calculate the length of the support 
piece in the flat. 


. What is the next assembly on which 9. 
this bracket is used? 


. The bracket is used on what model 10. 
number? 
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Advanced Blueprint Activities 


Blueprint Reading Activity A-23-BPR-2 
PRECISION SHEET METAL 


Refer to the blueprint in Fig. A-23-BPR-2 and answer the following questions. 


. Give the title and number ofthe draw- 


ing. 


. What material is specified for the 


Mask (item 2) ? What size? 


. How are items 3 and 4 fastened to 


item 2? 


. Where are items 3 and 4 located with 


respect to datum C? 


. Interpret the feature control symbols 


АШ Ж, 


. Give the dimension and/tolerance for 


datum A. 


. What is the distance between centers 


of the two items 4 and how must they 
be located relative to datum B? 


Interpret the feature control symbol 
at Y. 


. What are the hole sizes and toler- 


ances at Z? 


Is an overspray of finish material 
permitted on the rear of item 2? 


Give the finished length of items 5 
and 6. 


What is to be done to the edges of the 
parts 2 
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Blueprint Reading Activity A-24-BPR-1 
WELDING 


Refer to the blueprint in Fig. A-24-BPR-1 and answer the following questions. 


. What was the last change made to the Шен Ў 
drawing? ААА. 
What is the standard by which the Be 
welding is to be done? 

4. 

. Indicate the type of welds required at 
А, В and D. 

. Give the part number, description, oe 
material and size of the items at C 
and F. 

. What type of weld is required at E, G 6. 
and Н. 

Interpret the type of welds required ds 
at J, K, L and М, 
Interpret the type of welds required 8. 
at N, P, R and T. 

. Give the part number, description, 9r 
material and size of the item at 5. 

Interpret the type of welds required 10. 


10. 


What is the name and number of the 
assembly? 
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Blueprint Reading Activity А-24-ВРК-2 
WELDING 


Refer to the blueprint in Fig. A-24- BPR-2 and answer the following questions. 


Give the name and number of the as- 


sembly. 


Interpret the welding symbols indi- 
cated on the blueprint by the following: 


3. Interpret the form tolerance feature 


control symbols at Z. 
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Blueprint Reading for Industry 
Blueprint Reading Activity А-25-ВРК-1 
INSTRUMENTATION AND CONTROL DIAGRAMS - PNEUMATIC 


Refer to the blueprint in Fig. A-25-BPR-1 and to the Sequence of Operations and 
Bill of Materials on page 302, and answer the following questions. 


1. What is the name of the blueprint? 1, 
2, Give the drawing number. 21 
3. Describe briefly the function of the 5% 


machine operation. 


4. What actuates the automatic cycle? 4, 


5. When the transfer cylinders are in 5. 
their down-position, what starts the 
drill motors 1, 2, 3, and 4? 


6. While the drilling cycle is in process, 6. 
what happens to valves 7 and 3? 


7. What activates valves 8? Ца 


8. When valves 8 are shifted to in-line 8. 
position with 3, what takes place? 


(Questions continued on page 303) 
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Advanced Blueprint Activities 


. What happens with the return of cyl- Әр 


inders 4 to Ше "ар" position? 


What causes the pin cylinders to re- ТО. 
tract? 
When are valves 15 thru 18 used? ІШЕ 
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Blueprint Reading for Industry 


Blueprint Reading Activity А -25-BPR -2 
INSTRUMENTATION AND CONTROL DIAGRAMS - HYDRAULICS 


Refer to the blueprint in Fig. A-25-BPR-2 and to the Sequence of Operations on 
page 306, and answer the following questions. 


1. Give the name of the graphic diagram 1. 
and drawing number, 


2. State briefly the purpose of the fluid 2 
power circuit, 


3. What actuates the clamping of the oF 
workpiece in the fixture? l 


4, When push button valve 2is depressed 4, 
alone, why doesn't this actuate valve 
э 


5. Explain what happens when cylinder 6 on 
is extended and either valve 2 or 3 
are released? 


6. What causes the workpiece to rotate 6. 
180 deg. for second dimpling opera- 
tion? 
7. What kind of a valve is valve 10? Te 
8. Is cylinder 6 extended or retracted 8. 


by high pressure fluid? 


9. What is the normal position (as shown) 4. 
for cylinder 8? 


10. Does rotary actuator 11 operate on 10. 
high or low pressure fluid? 
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Blueprint Reading for Industry 


Case Assembly Machine Hydraulic Schematic 
(Refer to blueprint on page 305.) 


Sequence of Operations 


DESCRIPTION: A fluid power system to perform two dimpling operations on a cyl- 


inderical assembly. The part is loaded into a fixture, dimpled, rotated 180 deg. and 
dimpled again. This is accomplished by the following sequence: 


1. 
2. 


The workpiece is loaded into the fixture. 
When the workpiece is in position, the operator depresses valve (©) which extends 
cylinder and clamps the piece in position. 


. Both push button valves and are depressed permitting hydraulic fluid to flow 


to the pilot of 4-way valve , thus shifting the valve and extending cylinder 
dimpling the workpiece. Note: This step cannot be accomplished unless the operator 
depresses both palm buttons. This safety feature is to insure that the operator's 
hands are clear of the mechanism. 

By releasing either of the push button valves (2) and (3) the fluid will be exhausted 
from the pilot of 4- way valve б). thus shifting the valve and retracting cylinder 
Once the dimple cylinder (6) has been retracted, the operator depresses 4-way 
valve which rotates the rotary actuator 41) 180 deg. 


. When the workpiece has been rotated, operations 3 and 4 are repeated, making an- 


other dimple 180 deg. from the first. 

Upon completion of operation 6, the operatorreleases valve 10 which returns rotary 
actuator to its original position, 

When the part has returned to its original position, the operator releases valve (7) 
which unclamps the workpiece from the fixture and completes the cycle. Note: This 
circuit is a dual pressure circuit. The two cylinders (6) and operate on high 
pressure fluid on their extending sequences. This is accomplished by pressure re- 
lief valve (1) . Retraction of these cylinders 15 done on low pressure, accomplished 
by pressure relief valve 


Sequence of Operations for Fig. A-25-BPR-2. 
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Blueprint Reading Activity A-25-BPR -3 
INSTRUMENTATION AND CONTROL DIAGRAMS - FLUIDICS 


Refer to the blueprint in Fig. A-25-BPR-3 and to the Sequence of Operations on 
page 310, and answer the following questions. 


1. What is the name of the circuit dia- ША 
gram? The drawing number? 


2. Briefly, state the purpose of the con- Пи 12-22 c o - -.-- 
trol circuit. n— ————————Á 


3. What is the purpose of the preference 3. 
crreumt? 
4. What device in the preference circuit 4. 


sets up the initial preference signal? 


5. How is this preference signal re- 9. 
moved? 
6. State the purpose of the interlock / in- 6. 


dexing circuit. 


7. What three conditions must exist be- 1° 
fore the index table will index? 


8. What is the device that actuates the 8. 
interface valve that actuates the in- 
dexing cylinder? Is the control signal 
coming from the 0, or 0, port? 


9. What actuates the press station cir- 9. 
cuit? Ша Uem iul cce UE 
10. State the purpose of the timer. ПШ) tcu И. PP 


(Questions continued on page 308) 
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11. What causes the staking cylinder to 11. 
retract% 


12. Supposing the staking station com- 12, 
pletes its operation before the press- 
ing station and is ready for the port, 
will the table index? Why? 
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Blueprint Reading Activity 
PART 2 - EVALUATION BLUEPRINT 


Refer to the blueprint on page 313 and answer the following questions: 


1. What is the name of the object? 1. 

2. Give Ше number of Ше blueprint. 2. 

3. Is this а detail or an assembly draw- 3, 
ing? 

4. What three main views are shown? 4. 

5. What type of sectional views are 5. 
shown? 

6. Give the material specification. 6. 


7. What is the overall size of the part? Т. 


8-14. Identify the types of lines at: 8. А 
me 
10. 1B) 
11 27:18) 
12, Ё 
15. @ 
(Questions continued оп роде 312) 14. M 
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15. 


Ше, 


ifs 


18. 


19: 


20. 


Blueprint Reading for Industry 


What is the thickness of the surface 
at B? 


Give the dimension for H. 
What is the diameter of the hole at J? 


What is the thickness of the material 
at K? 


Give the height, width and length of 
the pads at L. 


The threaded hole at N is tobe drilled 
thru for what size hole? 


15. 


16. 
17. 


18. 


19. 


20. 
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Evaluation Activities 


Blueprint Reading Activity 
PART 3 - EVALUATION BLUEPRINT 


Refer to the blueprint on page 314 and answer the following questions: 


. Is this an assembly or detail drawing? 


. What is the name and number of the 


drawing? 


. How many sheets are in the set? 
. What size drawing was made? 
. What is the scale of the original plan? 


. What materialis specified? 


The assembly will be used on what 
model? 


. What is the meaning of A next to the 


1.9997 


1.9991 и : D 
2.0000 DIA in Section А-А? 


What type of section is Section B-B? 


Give the part number and name for Z. 


. Give the dimension for W. What does 


the D mean next to the dimension of 
this feature? 


What is the dimension of feature X? 


Give the dimensions for feature Y. 


How many general notes are included 
on the blueprint? 
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14 плана o 


PART 7 
APPENDIX 


Glossary 


ABRASIVE: A material that cuts material 
that is softer than itself, such as emery, 
aluminum oxide and diamonds. It may be 
used in loose form, mounted on cloth, 
paper or bonded on a wheel. 

ABSOLUTE SYSTEM: А system of nu- 
merically controlled machining that mea- 
sures all coordinates from a fixed point 
of origin or zero point. Also known as 
point-to-point N/C machining. 

ACCUMULATOR: A container in which 
fluid is stored under pressure as asource 
of fluid power. 

ACTUATOR: A device for converting hy- 
draulic energy into mechanical energy. 
A motor or cylinder, 

ADDENDUM: The radial distance between 
the pitch circle and the top of the tooth. 

ALCLAD: An aluminum alloy core witha 
thin coating of pure aluminum to prevent 
corrosion of the core metal. 

ALLOWANCE: The intentional difference 
in the dimensions of mating parts to pro- 
vide for different classes of fits. 

ALLOY: A mixture of two or more metals 
fused or melted together to form a new 
metal. 

ANNEAL: To soften metals by heating to 
remove internal stresses causedby roll- 
ing and forging. 

ANODIZE: The process of protecting alu- 
minum by oxidizing in an acid bath using 
а d-c current. 


ARBOR: A shaft or spindle for holding 
cutting tools. 

ASSEMBLY DRAWING: A drawing showing 
the working relationship of the various 
parts of a machine or structure as they 
fit together. 

BACKLASH: The play (lost motion) be- 
tween moving parts, such as threaded 
shaft and nut or the teeth of meshing 
gears. 

BASIC DIMENSION: A theoretically exact 
value used to describe the size, shape or 
location of a feature. 

BASIC SIZE: That size from which the 
limits of size are derived by the appli- 
cation of allowances and tolerances. 

BEND ALLOWANCE: The amount of sheet 
metal required to make a bend over a 
Specific radius. 

BLANCHARDIZE: An operation which re- 
moves large amounts of stock through 
rotary grinding. Normally, it is a first 
operation for preparing castings for fin- 
ish operations. 

BLANKING: A stamping operationin which 
a press uses a die to cut blanks from flat 
sheets or strips of metal. 

BORING: Enlarging a hole to a specified 
dimension by use of a boring bar. May 
be done on a lathe, jig bore, boring ma- 
chine or mill. 

BOSS: A small local thickening of the body 
of a casting or forging to allow more 
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thickness for a bearing area or to sup- 
port threads. 

BRAZE: To join two close fitting metal 
parts with heat and a filler material of 
zinc and copper alloy. 

BROACH: A tool for removing metal by 
pulling or pushing it across the work. 
The most common use is producing ir- 
regular hole shapes such as squares, 
hexagons, ovals or splines. 

BURNISH: To smooth or polish metal by 
rolling or sliding tool over surface under 
pressure. 

BURR: The ragged edge or ridge left on 
metal after a cutting operation. 

BUSHING: A metal lining which acts as a 
bearing between rotating parts such as 
a shaft and pulley. Also used on jigs to 
guide cutting tool. 

CALLOUT: A note on the blueprint giving 
a dimension, specification or a machine 
process. 

CAM: A rotating or sliding device used to 
convert rotary motion into intermittent 
or reciprocating motion. 

CARBURIZE: The heating of low-carbon 
steel for a period of time to a tempera- 
ture below its melting point in carbona- 
ceous solids, liquids or gases, then cool- 
ing slowly in preparation for heat treat- 
ing. 

CASE HARDENING: The process of hard- 
ening ferrous alloy so that the surface 
layer or case is made much harder than 
the interior core. 

CASTING: An object made by pouring mol- 
ten metal in a mold. 

CHECK VALVE: A valve which permits 
flow of fluid in опе direction only. 
CHOKE: A restriction, the length of which 
is large with respect to its cross-sec- 
tional dimension. 

CIRCUIT: The complete path of flow in a 
hydraulic system including the flow-gen- 
erating device. 

CIRCUIT DIAGRAM: A line drawing using 
graphic symbols or pictorial views to 
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show the complete path of flow in a hy- 
draulie system. 

CIRCULAR PITCH: The length of the arc 
along the pitch circle between the center 
of one gear tooth tothe center of the next. 

CLOSED LOOP: A system in which the 
output of one or more elements is com- 
pared to some other signal to provide an 
actuating signal to control the output of 
the loop. 

COMMAND SIGNAL (or input signal): An 
external signal to which the servo must 
respond. 

COMPONENT: A single unit or part. 

CONCENTRIC: Having a common center 
as circles or diameters. 

CONTOUR: The outline of an object. 

CONTROL: A device used to regulate the 
function of a unit. 

COOLER: A heat exchanger used to re- 
move heat from the hydraulic fluid. 

COUNTERBORE: The enlargement of the 
end of a hole to a specified diameter and 
depth. 

COUNTERSINK: The chamfered end of a 
hole to receive a flat head screw. 

DASH NUMBER: A number preceded by a 
dash after the drawing number that in- 
dicates right- or left-hand parts as well 
as neutral parts and/or detail and as- 
sembly drawings. The coding is usually 
special to a particular industry. 

DATUM: A point, line, surface or plane 
assumed to be exact for purposes of 
computation from which the location of 
other features are established. 

DEDENDUM: The radial distance between 
the pitch circle and the bottom of the 
tooth. 

DESIGN SIZE: The size of a feature after 
an allowance for clearance has been ap- 
plied and tolerances have been assigned. 

DETAIL DRAWING: A drawing of a single 
part that provides all the information 
necessary in the production of that part. 

DIE: A tool used to cut external threads 
by hand or machine. Also a tool used to 
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impart a desired shape to a piece of 
metal. 

DIE-CASTING: A method of casting metal 
under pressure by injecting into metal 
dies of a die-casting machine. Also the 
part formed by die-casting. 

DIE STAMPING: A piece cut out by a die. 

DISPLACEMENT: The quantity of fluid 
which ean pass through a pump, motor or 
cylinder in a single revolution or stroke. 

DOWEL PIN: A pin which fits into a hole 
in an abutting piece to prevent motion or 
slipping, or to ensure accurate location 
of assembly. 

DRAFT: The angle or taper on a pattern 
or casting that permits easy removal 
from the mold or forming die. 

ЕССЕМТВТС: Nothaving acommoncenter. 
A device that converts rotary motion into 
reciprocating (back and forth) motion. 

EFFECTIVITY: The serial number(s) of 
an aircraft, machine, assembly or part 
on which à drawing change applies. The 
change may be indicated as an effective 
date and would apply onthat date forward. 

ENCLOSURE: A rectangle drawn around 
a component or components to indicate 
the limits of an assembly. Port connec- 
tions are shown on the enclosure line. 

EXTRUSION: Metal which has been shaped 
by forcing it in the hot or cold state 
through dies of the desired shape. 

FEATURE: A portion of a part, such as a 
diameter, hole, keyway or flat surface. 

FEEDBACK (or feedback signal): The out- 
put signal from a feedback element. 

FERROUS: Metals that have iron as their 
base material. 

FILLET: A concave intersection between 
two surfaces to strengthen the area. 

FILTER: A device whose primary function 
is the retention by а porous media of in- 
soluble contaminants from a fluid. 

FINISH: General finish requirements such 
as paint, chemicalor electroplating rath- 
er than surfacetexture or roughness. (See 
surface texture.) 


FIT: The clearance or interference be- 
tween two mating parts. 

FIXTURE: A device used to position and 
hold а part in а machine tool. It does 
not guide the cutting tool. 

FLANGE: An edge or collar fixed at an 
angle to the main part or web as an I- 
beam. 

FLAT PATTERN: A layout showing true 
dimensions of a part before bending. May 
be actual size pattern on polyester film 
for shop use. 

FLUID: 

1. A liquid or gas. 

2. A liquid that is specially compounded 
for use as a power-transmitting me- 
dium in a hydraulic system. 

FLUIDICS: A contraction of the words 
"fluid" and "logic," fluidics is a tech- 
nology concerned with logical cohtrol 
functions and makes use of low pressure 
fluid interaction to produce control sig- 
nals. Fluidic devices have no moving 
parts. 

FORGING: Metal shaped under pressure 
with or without heat. 

FORM TOLERANCING: Permitted varia- 
tion of a feature from the perfect form 
indicated on the drawing. 

FUSION WELD: The intimate mixing of 
molten metals. 

GEOMETRIC DIMENSIONING AND TOL- 
ERANCING: A means of dimensioning 
and tolerancing a drawing with respect 
to the actual function or relationship of 
part features which can be most eco- 
nomically produced. It includes positional 
and form dimensioning and tolerancing. 

GUSSET: A small plate used in reinforc- 
ing assemblies. 

HARDNESS TEST: Techniques used to 
measure the degree of hardness of heat- 
treated materials. 

HEAT EXCHANGER:A device which trans- 
fers heat through a conducting wall from 
one fluid to another, 

HEAT TREATMENT: The application of 
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| heat to metals to produce desired quali- 
ties of hardness, toughness and/or soft- 
ness. (See anneal.) 

HOBBING: A special gear cutting process. 

| The gear blank and hob rotate together 
as in mesh during the cutting operation. 

HONE: A method of finishing a hole or 
| other surface to a precise tolerance by 
| using а spring loaded abrasive block and 
| rotary motion. 

HORSEPOWER (HP): The power required 
to lift 550 pounds one foot in one second 
or 33,000 pounds one foot in one minute. 
A horsepower is equal to 746 watts or to 
42.4 British thermal units per minute. 

HYDRAULIC CONTROL: Control which is 
actuated by hydraulically induced forces. 

HYDRAULICS: Engineering science per- 
taining to liquid pressure and flow. 

INCREMENTAL SYSTEM: A system of 
numerically controlled machining that 
always refers to the preceding point when 
making the next movement. Also known 
as continuous path or contouring method 
of N/C machining. 

INDICATOR: A precision measuring in- 
strument for checking the trueness of 
work. 

INTERCHANGEABILITY: The condition 
that assures the universal exchange or 
mutual substitution of units or parts of 
a mechanism or an assembly. 

INVOLUTE: A spiral curve generated by 
a point on а chord as it unwinds from a 
circle or a polygon. 

JIG: A device used to hold a part to be 
machined and positions and guides the 
cutting tool. 

JOGGLE: A bend in a parttofit over other 
parts. 

KERF: The slit or channel left by a saw 
or other cutting tool. 

KEY: A small piece of metal (usually a 
pin or bar) used to prevent rotation of a 
gear or pulley on a shaft. 

KNURL: The process of marking the sur- 
face of a part by rolling depressions in 
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the surface. 

LAP: To finish a surface with a very fine 
abrasive impregnated in а soft metal. 
LIMITS: The extreme permissible dimen- 
sions of a part resulting from the appli- 

cation of a tolerance. 

MAGNAFLUX: A nondestructive inspec- 
tion technique that makes use of a mag- 
netic field and magnetic particles to lo- 
cate internalflaws in ferrous metal parts. 

MAXIMUM MATERIAL CONDITION: When 
a feature contains the maximum amount 
of material, that is: minimum hole diam- 
eter and maximum shaft diameter. Ab- 
breviated MMC. 

MILL: To remove metal with a rotating 
cutting tool on a milling machine. 

MISMATCH: The variance between depths 
of machine cuts on a given surface. 

NEXT ASSEMBLY: The next object or ma- 
chine on which the part or sub-assembly 
is to be used. 

NOMINAL SIZE: A general classification 
term used to designate size of a com- 
mercial product. 

NONFERROUS: Metals not derived from 
an iron base or an iron alloy base, such 
as aluminum, magnesium and copper. 

NORMALIZING: A process in which fer- 
rous alloys are heated and then cooled 
in still air to room temperatures to re- 
store the uniform grain structure free 
of strains caused by cold working or 
welding. 

ORTHOGRAPHIC PROJECTION: A multi- 
view drawing that shows every feature 
of an object in its true size and shape. 

PASSIVATION: Particularly applicable to 
stainless steel, it is a conditioning ofthe 
surface with a low strength nitric acid 
dip that develops the "stainless" property 
and prevents random staining due to "free 
iron" particles left from machining. 

PICKLE: The removal of stains and oxide 
scales from parts by immersion in an 
acid solution. 

PILOT: A protruding diameter on the end 
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of a cutting tool designed to fit in a hole 
and guide the cutter in machining the 
area around the hole. 

PILOT HOLE: A small hole used to guide 
a cutting tool for making a larger hole. 
Also used to guide drill of larger size. 

PILOT VALVE: An auxilary valve used 
to control the operation of another valve. 
The controlling stage of a 2-stage valve. 

PINION: The smaller of two mating gears. 

PITCH: The distance from a point on one 
thread to a corresponding point on the 
next thread. 

PLAN VIEW: The top view of an object. 

PORT: An internal or external terminus 
of a passage in a component. 

POSITIONAL TOLERANCING: The per- 
mitted variation of a feature from the 
exact or true position indicated on the 
drawing. 

PROCESS SPECIFICATION: А description 
of the exact procedures, materials and 
equipment to be used in performing a 
particular operation such as a milling 
operation or spray painting. 

PUMP: A device which converts mechani- 
cal force and motion into hydraulic fluid 
power. 

QUENCHING: Cooling metals rapidly by 
immersing them in liquids or gases. 

ВАМ: А single-acting cylinder with а sin- 
gle diameter plunger rather thanapiston 
and rod. The plunger in a ram-type cyl- 
inder. 

REAMING: To finish a drilled hole to a 
close tolerance. 

RECIPROCATION: A straight line, back- 
and-forth motion or oscillation. 

REFERENCE DIMENSION: Used only for 
information purposes and does not govern 
production or inspection operations. 

REGARDLESS OF FEATURE SIZE (RFS): 
The condition where tolerance of posi- 
tion or form must be met irrespective 
of where the feature lies within its size 
tolerance. 

RELEASE NOTICE: The authorization in- 
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dicating the drawing has been clearedfor 
use in production. 

RELIEF VALVE: Pressure operated valve 
which bypasses pump delivery to the res- 
ervoir, limiting system pressure to a 
predetermined maximum value. 

RESERVOIR: A container for storage of 
liquid in a fluid power system. 

RESISTANCE WELDING: The process of 
welding metals by using the resistance 
of the metals to the flow of electricity to 
produce the heat for fusion of the metals. 

RESTRICTION: A reduced cross-sectional 
area in a line or passage which produces 
a pressure drop. 

ROTARY ACTUATOR: A device for con- 
verting hydraulic energy into rotary mo- 
tion - - a hydraulic motor. 

SANDBLAST: The process of removing 
surface scale from metal by blowing a 
grit material against it at very high air 
pressure. 

SECTION: A cross-sectional view ata 
specified point of a part or assembly. 
SENSOR: Devices which convert physical 
conditions into information which can be 

understood by the control system. 

SEQUENCE: 

1. The order of a series of operations 
or movements. 

2. To divert flow to accomplish a sub- 
sequent operation or movement. 

SERRATIONS: Condition of a surface or 
edge having notches or sharp teeth, 

SERVO MECHANISM: A mechanism sub- 
jected to the action of a controlling de- 
vice which will operate as if it were di- 
rectly actuated by the controlling device, 
but capable of supplying power output 
many times that of the controlling device, 
this power being derived from ап external 
and independent source. 

SHIM: A piece of thin metal used between 
mating parts to adjust their fit. 

SOLENOID: А coil of wire carrying an 
electric current possessing the charac- 
teristics of a magnet. 
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SPECIFICATION: A detailed description 
of a part or material giving all informa- 
tion not shown on the graphic part of the 
blueprint such as quality, size, quantity 
and manufacturer's name. 

SPLINE: A raised area on a shaft (exter- 
nal) designed to fit into a recessed area 
of a mating part. 

SPOT FACE: A machined circular spot 
on the surface of a part to provide a flat 
bearing surface for a screw, bolt, nut, 
washer or rivet head. 

SPOT WELD: A resistance type weld that 
joins pieces of metal by welding separate 
spots rather than a continuous weld. 

STRESS RELIEVING: To heat a metal part 
to a suitable temperature and hold that 
temperature for a determined time then 
cooled gradually in air. This treatment 
reduces the internal stresses induced 
by casting, quenching, machining, cold 
working or welding. 

SUMP: A reservoir. 

SUPERSEDENCE: The replacing of one 
part by another. A part that has been 
replaced is said to be superseded. 

SURFACE TEXTURE: Thelay, roughness, 
waviness and flaws of a surface. 

TABULAR DIMENSION: A type of rectan- 
gular datum dimensioning in which di- 
mensions from mutually perpendicular 
datum planes are listed in a table on the 
drawing instead of on pictorial portion. 

TANGENT: A line drawn to the surface 
of an arc or circle so that it contacts 
the arc or circle at only one point. 
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ТАР: A rotating tool used to produce in- 
ternal threads by hand or machine. 

TEMPERING: Creating ductility and tough- 
ness in metal by heat treatment process. 

TEMPLATE: A pattern or guide. 

TENSILE STRENGTH: The maximum load 
(pull) a piece can support without break- 
age or failure. 

TOLERANCE: The total amount of vari- 
ation permitted from the design size of 
a part. 

TORQUE: The rotational or twisting force 
in a turning shaft. 

TRANSDUCER (or feedback transducer): 
An element which measures the results 
at the load and sends a signal backto the 
amplifier. 

TRUE POSITION: The basic or theoreti- 
cally exact position of a feature. 

TUMBLING: The process of removing 
rough edges from parts by placing them 
in a rotating drum that contains abrasive 
stones, liquid and a detergent. 

TYPICAL (ТҮР): This term, when asso- 
ciated with any dimension or feature, 
means the dimension or feature applies 
to the locations that appear to be iden- 
tical in size and configuration. 

VERNIER SCALE: А small moveable scale 
attached to a larger fixed scale, for ob- 
taining fractionalsubdivisions ofthe fixed 
scale. 

WORKING DRAWING: A set of drawings 
which provide details for the production 
of each part and information for the cor- 
rect assembly of the finished product, 


Abrasive 
Accessory 
Accumulator 
Acetylene 
Actual 
Actuator 
Addendum 
Adhesive 
Adjust 
Advance 
Aeronautic 
Alclad 
Alignment 
Allowance 
Alloy 
Alteration 
Alternate 
Aluminum 


American Wire Gage 


Anneal 
Anodize 
Approved 
Approximate 
Asbestos 
As Required 
Assemble 
Assembly 
Automatic 
Auxiliary 
Average 


Babbit 

Base Line 
Bend Radius 
Bevel 
Blueprint 
Bolt Circle 
Bracket 
Brass 
Brazing 


Brinell Hardness Number 


Bronze 


Standard 


Abbreviations 


ABRSV: 
ACCESS 
ACCUMR 
ACET 
ACT 
ACTR 
ADD 
АРН 
ADS 
ADV 
AERO 
CLAD 


BEV 

BP or B/P 
BC 

BRKT 

BRS 

BRZG 
BHN 

BRZ 
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Brown & Sharpe (Gage) 


Burnish 
Bushing 


Calculated 
Cancelled 
Capacity 
Carburize 

Case Harden 
Cast [гоп 

Center 

Center to Center 
Centigrade 
Centimeter 
Centrifugal 
Chamfer 

Chamfer or Radius 
Check Valve 
Chrome Vanadium 
Circuit 

Circular 
Circumference 
Clearance 
Closure 

Coated 
Cold-Drawn Steel 
Cold-Rolled Steel 
Color Code 
Concentric 
Condition 
Contour 

Control 

Copper 
Counterbore 
Countersink 
Coupling 
Cylinder 


Datum 
Decimal 
Decrease 
Degree 
Detail 


Develaped Length 
Develaped Width 
Deviatian 

Diaganal 

Diagram 

Diameter 

Diameter Balt Circle 
Diametral Pitch 
Dimensian 
Discannect 

Dawel 

Draft 

Drafting Raam Manual 
Drawing 

Drawing Change Natice 
Drill 

Drap Farge 

Duplicate 


Each 

Eccentric 
Effective 

Electric 
Enclasure 

Engine 

Engineer 
Engineering 
Engineering Change Order 
Engineering Order 
Equal 

Equivalent 
Estimate 


Fabricate 
Fillet 
Finish 
Finish All Over 
Fitting 
Fixed 
Fixture 
Flange 

Flat Head 
Flat Pattern 
Flexible 
Fluid 
Farged Steel 
Farging 
Furnish 


Gage 
Gallan 
Galvanized 
Gasket 
Generatar 
Grind 
Graund 


Half-Hard 
Handle 


Standard Abbreviations 
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Harden 

Head 

Heat Treat 
Hexagan 

High Carban Steel 
High Frequency 
High Speed 
Harizantal 
Hat-Ralled Steel 
Haur 

Hausing 
Hydraulic 
Hydrastatic 


Identificatian 
Impregnate 

Inch 

Inclined 
Include, Including, Inclusive 
Increase 
Independent 
Indicatar 
Infarmatian 
Inside Diameter 
Installatian 
Interrupt 


Jaggle 
Junctian 


Keyway 


Labaratary 
Lacquer 
Laminate 
Left Hand 
Length 
Letter 
Limited 
Limit Switch 
Linear 
Liquid 

List af Material 
Lang 

Law Carban 
Lubricate 


Magnaflux 
Magnesium 
Maintenance 
Majar 
Malleable 
Malleable Iran 
Manual 

Mark 

Master Switch 
Material 
Maximum 
Measure 


Mechani cal 
Medium 
Middle 
Military 
Minimum 
Miscellaneaus 
Madifi catian 
Mald Line 
Matar 
Multiple 


Nickel Steel 
Namenclature 
Naminal 
Narmalize 
Nat ta Scale 
Number 


Obsalete 
Oppasite 
Ounce 
Outside Diameter 
Over-All 
P 
Package 
Parting Line (Castings) 
Pattern 
Piece 
Pilat 
Pitch 
Pitch Circle 
Pitch Diameter 
Plan View 
Plastic 
Plate 
Pneumatic 
Part 
Pasitive 
Paunds Per Square Inch 


Paunds Per Square Inch Gage 


Pressure 

Primary 

Pracess, Procedure 

Praduct, Praductian 
Q 

Quality 

Quantity 

Quarter-Hard 


Radius 
Ream 
Receptacle 
Reference 
Regular 
Regulatar 
Release 
Required 
Right Hand 
Rivet 
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Rackwell Hardness 
Raund 

5 
Schedule 
Schematic 
Screw 
Screw Threads 


American Natianal Caarse 


American Natianal Fine 
American Natianal Extra 
Fine 


American Natianal 8 Pitch 


American Standard Taper 
Pipe 


American Standard Straight 


Pipe 
American Standard Taper 
(Dryseal) 


American Standard Straight 


(Dryseal) 
Unified Screw Thread 


Caarse 


Unified Screw Thread Fine 
Unified Screw Thread Extra 


Fine 
Unified Screw Thread 
8 Thread 
Sectian 
Sequence 
Serial 
Serrate 
Sheet 
Silver Salder 
Saft Grind 
Salenaid 
Special 
Specificatian 
Spat Face 
Stainless Steel 
Steel 
Stack 
Symbal 
Symmetrical 
System 


Tabulate 

Tangent 

Tapping 

Teeth 

Tensil Strength 
Thick 

Thread 

Talerance 

Taal Steel 

Tarque 

Tatal Indicatar Reading 
True Invalute Farm 
Tungsten 

Typical 


Vacuum 
Variable 
Vernier 
Vertical 
Vibrate 
'Vaid 
Valt 


Valume 


Standard Abbreviations 
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м 
Washer 
Watt 
Weatherpraaf 
Wide, Width 
Wraught [топ 

Y 


Yield Point (PSI) 
Yield Strength (PSI) 


Standard 
Tables and Symbols 


Decimal and Metric Equivalents 


INCHES "m 


FRACTIONS 


DECIMALS 


-00394 
-00787 


.015625 
01575 
01969 
02362 
02756 
03125 
0315 
.03543 
:03937 
.046875 


1078125 
07874 
(09375 
| 109375 
11811 
125 
140625 
15625 
15748 
171875 
1875 
19685 
203125 
21875 
234375 
23622 
2500 
7265625 
727559 
228125 
296875 


34375 
35433 
1359375 
315 
Q- е: 
3937 
40625 
421875 
43307 
4315 
453125 


t2 


.3969 
4 


м 


бо 


1.00 
1.1906 
1.5875 
1.9844 
2.00 
2.3813 
2.7781 
3.00 
3.175 
3.5719 
3.9688 


4.3656 
4.7625 
5.00 

5.1594 
5.5563 
5.053] 


6.35 
6.7469 
7.00 
7.1438 
7.5406 
7.9375 


8.3344 
8.7313 


9.525 

9.9219 
10.00 
10.3188 
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UNIFIED STANDARD SCREW THREAD SERIES 
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1% 
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Series with graded pitches 
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Series with constant pitches 
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— — — 12 16 | UNEF 28 32 14 
- — — 12 16 | UNEF 28 32 1846 
- — | UNC | UNF 16 | UNEF 28 32 1 
- - 8 12 16 20 28 - 156 
= — 8 UNF 16 20 28 = 1% 
- - 8 12 16 20 28 = В 
ae = 8 | UNF | 16 20 28 = м 0 
— = 8 12 0 || 90 28 — 1846 
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= 6 8 12 16 20 28 — 146 
- | UNC 8 UNF 16 20 28 — 114 
= 6 8 12 16 20 = — 1946 
— 6 8 12 16 20 = = 154 
== 6 8 12 16 20 = = 11146 
- 6 8 12 16 20 = — 134 
— 6 8 12 16 20 — = 11346 
— 6 8 12 16 20 == = | 1% 
- 6 8 12 16 20 = = 11546 
— 6 8 12 16 20 - - | 9 
— 6 8 12 16 20 - == 2% 
= 6 8 12 16 20 - - 24 
- 6 8 12 16 20 — — 234 
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UNC 6 8 12 16 - 20 = = 3 
4 6 8 12 16 = = - 3M 
UNC 6 8 19) 16 == == = 34 
4 6 8 12 16 = == = 3% 
UNC 6 8 12 16 = = - 314 
4 6 8 12 16 — — — 35% 
UNC 6 8 12 TIEN == == ээ 334 
4 6 8 12 16 3% 
UNC 6 8 12 16 = = = 4 
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4 6 8 12 16 E — — 414 
4 6 8 12 16 — — — 438 
4 6 8 12 16 4% 
4 6 8 12 16 - = — 45% 
4 6 8 12 16 434 
4 6 8 12 16 = = = 4% 
4 6 8 12 16 — == — 5 
4 6 8 19) 16 = - — 5% 
4 6 8 12 16 == = -- 5% 
4 6 8 12 16 = = — 534 
4 6 8 12 16 = - — 515 
4 6 8 12 16 — = E 538 
4 6 8 12 16 => = = 534 
4 6 8 12 16 -- == — 578 
4 6 8 12 16 == — — 6 
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ISO METRIC SCREW THREAD STANDARD SERIES 


BASIC FORM OF THE ISO METRIC THREAD 
В---Р- 


Р 
m 8 
8 
Ў. АХ 
INTERNAL Sy 
8 ін Р = PITCH WN MILLIMETERS 
ті Н = 0 86603 P (DEPTH ОҒ 
кеја мав P H ПИРА ИЕ пр Есте) 
125 Р = і 
0125 ај = В ши E H g- 010825 Р 
0:375 H тен 4 H - 021651 Р 
CMA А (Ў “гна 
602 231 GS | MINOR 7 Е ён = 0.32476 Р 
EXTERNAL 5 шамєтєв | 90 e 5 
Я cipe TM pue A ВН = 0.54127 Р 
150 METRIC THREAO FORM AXIS OF SCREW THREAD 
Nominal Size Diam. | Pitches (mm) Nom- 
(mm) Series With inal 
ЗА 1 Wi ta i i 
CE на Graded Pitenes Series With Constant Pitches Size 
| — - 1 = = Е = === Е Diam 
ин 2 3 Coarse | Fine 6 4 3 2 1,5 1725 1 0,75 0.5 0.35 0.25 0.2 (mm) 
-+ ЈЕ Jl 
0225 0.075 === | = 2| = == == = 0.25 
0.3 0.08 — — — — — = - 25 0.3 
0435 0. 09 == == = = — — -- — — = == = са 0.35 
0.4 0.1 шин шин шин == = — 0.4 
0.45 (0-1 === -- -- -- — 0.45 
0.5 0.125 = саги == 0.5 
0,55 07125 — -- == == 25 225 0.55 
0.6 DI = == == == == — — — — um 
D 0.175 — — —- — — — = p — 0.7 
0.8 0.2 = == = = == =з == E с=з = = = = 0.8 
059 0.225 — = == -- -- -- -- -- — — = == = 0.9 
1 0.25 — — — — — — — - = = = = 0.2 1 
1.1 (925 -- -- — — — — — = = = = ee. 0.2 iL 
152 0,25 шин = = == = -- — — — — = === 0,2 1252) 
1,4 (015, 3) == = == == = = — — 0.2 1.4 
1% = = == = - — — — — — = 0.2 1.6 
1,8 нэг == = — -- -- -- -- == == == 0.2 1,8 
2 = = = = == = — — — — 0.25 == 2 
528 ээ — = ян —= = = = — 0.25 - 222 
2.5 = == = = == - - — == 0.35 = == 2.5 
3 == EET == = = = — — — 0285 = = 3 
3.5 — — — — -- — — — -- Omas — — 258 
4 — == -- - — — — — 0.5 — = 4 
4.5 — -- -- -- -- -- -- -- 0.5 — — — 4.5 
5 — — — — — — — — 0.5 — — — 5 
5.5 — — -- === - - == - 0.5 -- -- — 525 
6 - -- — — — — — 0.75 -- -- -- - 6 
7 — — — — — — — (05175) -- — — = 1 
8 - - - — - - 1 0.75 — — = - 8 
9 = - - - -- -- m 0.75 -- == -- = 9 
10 1 == == = == — 1725 1 0,75 110 
11 1 — — — — — — 1 0.75 — — — — |n 
12 1,75 1725 == — = = 175 1.25 1 — — — — 12 
14 2 1.5 — - - - 1.5 1.256 1 - — — = = 14 
15 шин — == = = = 185 = 1 == == == = == 149 
16 2 Jo = == = = 1.5 == 1 шин = = = = 16 
17 = = = = = = Л 52) = 1 = = шин = == 17 
|18 255 175 = === = 2 152 == 1 == == === = — 18 
20 2.5 1,5 = == = 2 159 == 1 === = — == — 20 
22 2.5 1.5 = == = а 15) = 1 — -- — — — 22 
24 3 2 == == == 2 125 = 1 = = == == || = 24 
25 == === = == == 2 1,5 = 1 = 25 
26 == = == = = = ЛЕБ. = 1 = = шин == = 26 
27 з 2 == = = 2 1.5 = 1 == = == = = 27 
28 — — — — = 2 na — 1 — — — — -- |28 
5 D 1 = == == = = 30 
5 цэх == = == = = == 32 
5 558 E = = = = = ВВ 
5 == — — — === == — 35€ 
5 = леті == = == = = 36 
5 ГЕЯ =: == == = = = 38 
5 EE ae = = аст == = ба 
5 x S = == = == == 40 
5 == == = == == = шин 42 
аг || ==. | = = (6 


а Thread diameter should be selected from columns 1, 2 or 3; with preference being given in that order. 

b Pitch 1.25 mm in combination with diameter 14 mm has been included for spark plug applications. 

c Diameter 35 mm has been included for bearing locknut applications. 

The use of pitches shown in parentheses should be avoided wherever possible. 

The pitches enclosed in the bold frame, together with the corresponding nominal diameters in Columns 1 and 2, are those combinations which have 
been established by ISO Recommendations аз a selected "coarse" and "fine" series for commercial fasteners, Sizes 0.25 mm through 1.4 mm are 
covered in ISO Recommendation R 68 and, except for the 0.25 mm size, in AN Standard ANSI В1.10. (ANS!) 
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Standard Tables and Symbols 


Electronic Symbols 


Y ANTENNA ЭРЧ 
BE 


ХЭ цор Ч SPEAKER 


4 = 
ЗІ. BATTERY —o~o— SWITCH 
Эр- reb ЕН TRANSFORMER 
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Blueprint Reading for Industry 


POSITIONAL AND FORM TOLERANCES 


Снага не Canadian Internatianal | 
ANSI Y14.5 BS 308 CSA B78.2 15О К1101 
По | Z | m | эм __ 
Roundness (Circularity) во | 
Coin | (| 
Profile af a Line Same 
Prafile of a Surface LO] Some 


Parallelism 


| 
' 


| 


Ф 


| 


Perpendicularity (Squareness) 


| 
Д 


Concentricity (Cooxiality) 


Symmetry 


Maximum Material Canditian 


Datum Identification 


Reference Dimension | (5.000 ) (127) (5.000) (127) 


Basic Dimension 1127 


Projected Tolerance Zone 


(9 None 
(9) Мопе 

Datum Target AN сн (А D None 
MU MV wy, 


Port Symmetry None =. -и---н- 


$ 
3 
Ф 
Ф 


em 
i 
Т 

ў 


i 

a 

< 
В 
ян 
1 
5 
“| 
ай 
| 


} 
+ 


Zone is a total width 
in directian af leoder 


Zane is a total width 
in direction of leader 
arrow. Ø specified агам, Ø specified 
where zane is circular where zone is circular 
or cylindrical. ar cylindrical, 


Zane shape evident 
from chacteristic 
| being cantralled, 


Zane is tatal width. 


Shape af the ani 
tolerance zane Ø specified where 
zane is circular ar 


cylindrical. 


Sequence within the | coronna 


feature control symbol 


У "TOTAL" specified under the feature control symbol. 
(ANSI) 
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Standard Tables and Symbols 


DESIGNATION OF WELDING PROCESSES BY LETTERS 


Brazing 


Gas Welding 


Resistance Welding 


Arc Welding 


Other Processes 


Solid State Welding 


Letter 


Welding Process Designation 


Па гате с ГЭ211129777222222727272772222222 222227 
отеп рта у ууш ауазны: 
опасен 
Шастпенопиврлалан 2222222... 
Resistance sian 2... . 
По) ГЕШ БУЛДИ ойе 0-22. ....... 
1Twin-Carbon Arc Brazing ............................ 
ТОСЕК Бгалир 2 7 еа. 
TOW а ee erre eene nee noe 


Oxyacetylene Welding .................................. 
Oxyhydrogen Welding .................................. 
Pressure (бас Welding сообросововосвввоссвовавоввввавов 
tAir-Acetylene Welding ................................ 


Resistance-Spot Welding ............................:: 
Resistance-Seam Welding ............................ 
JExweyreretoteye| ео 
Ел МОДЕ сушки о КО 
WEE VA cell НО вваововевавововавовсваноовавевававиворвовобоео 
Percussion Welding ors 


Stud етра: aaa EE REE EIERE 
Падае ХУЙ КО у ше 
Submerged Arc Welding .............................. 
Gas Tungsten-Arc Welding 9 
Gas Metal-Arc Welding ..................... 2 
Elux Cored А те еа 
Shielded Metal-Arc Welding ........................ 
Carbon-Are УАР... 
1Ваге Metal-Arc Welding .............................. 
1Gas-Shielded Stud Welding .......................... 
tAtomic Hydrogen Welding .......................... 
iTwin-Carbon Arc Welding .......................... 
{Саз СагЬоп-Агс уел... 
}+Shielded Carbon-Arc Welding 


ете. 
Lasen Веапу ере 
Induction Welding e e eorr eere 
Electroslag Уе тр 
Electron Beam Welding а.а аван, 
1Nonpressure Thermit Welding 2 
+Ртеззаге Thermit Welding ........ 
ЕТО е ат. 


Ultrasonic Welding 
Friction Welding 
Forge Welding ..................... 
Explosion Welding 
ТОЕ А Ее 
(80101 Үү ТС 2222222 222 
ЕО УМ ЕТО О аа ан а а 49500. 
(PDO ЎЎ АПР ree 
tHammer МУСА ом... аса еее воле неа 


DESIGNATION OF CUTTING PROCESSES BY LETTERS 


Cutting Process Letter Designation 

АТС (ONT a IE" басоборооодот I DUO QOO ORDRES AC 

"Au mEGanbonsArnciG ubbinte e жеше AAC 

Carbon АТСЫН М2... .ҙ... САС 

Metal FATCA О хоно ООО ОАО МАС 

Plasma- Arc CUINE 2222... PAC 
уреп ОС 

его са Flux CUNA. 2... ..... FOC 

ЕРО dere О РОС 

Oxyeen Arc е AOC 


(Used with the permission of the AMERICAN WELDING SOCIETY) 
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Standard Graphic Symbols 


THE SYMBOLS SHOWN CONFORM TO THE AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 
SPECIFICIATIONS, BASIC SYMBOLS CAN BE COMBINED IN ANY COMBINATION. МО ATTEMPT 


15 MADE TO SHOW ALL COMBINATIONS. 
PUMPS 


LINES AND LINE FUNCTIONS 
= Ке 
LINE, FLEXIBLE 22 MOTORS AND CYLINDERS 
1-4 


PUMP, SINGLE 
FIXED DISPLACEMENT 


PUMP, SINGLE 
VARIABLE DISPLACEMENT 


MOTOR, ROTARY, 
FIXED DISPLACEMENT 


MOTOR, ROTARY 

VARIABLE DISPLACEMENT 

DIRECTION OF FLOW, 
HYDRAULIC 
PNEUMATIC 


pm MOTOR, OSCILLATING 
CYLINDER, SINGLE ACTING 


LINE TO RESERVOIR 
ABOVE FLUID LEVEL 
BELOW FLUID LEVEL 


[== 


LINE, PILOT (L»20W) | | ---- | 
| € | 
| ГЭЭ 


CYLINDER, DOUBLE ACTING 


LINE TO VENTED MANIFOLD 


CYLINDER, DIFFERENTIAL 
ROD 


PLUG OR PLUGGED 
CONNECTION 


CYLINDER, DOUBLE 


RESTRICTION, FIXED END ROD 


CYLINDER, CUSHIONS 
BOTH ENDS 


E 

= 

E 
gr 


RESTRICITION, VARIABLE 


LEVER 


"cl 
[m 


Eu 


SOLENOID CONTROLLED, 
PILOT PRESSURE OPERATED 


SPRING 
SERVO 


PEDAL OR TREADLE 
‘PUSH BUTTON 


Standard Graphic Symbols 


MISCELLANEOUS UNITS BASIC VALVE SYMBOLS (CONT.) 
DIRECTION OF ROTATION ( VALVE, SINGLE FLOW = 
(ARROW IN FRONT OF SHAFT) -- PATH, NORMALLY OPEN 


BASIC VALVE SYMBOL, 
MULTIPLE FLOW PATHS 
FLOW PATHS BLOCKED 
IN CENTER POSITION 
MULTIPLE FLOW PATHS (ARROW 
SHOWS FLOW DIRECTION) 
VALVE EXAMPLES 


UNLOADING VALVE, 
INTERNAL DRAIN, E |— 


ў 


VALVE, MAXIMUM 
PRESSURE (RELIEF) 


COMPONENT ENCLOSURE 


Dem [LC 
Due [== 


REMOTELY OPERATED 


ELECTRIC MOTOR 


ACCUMULATOR, SPRING 
LOADED 


DECELERATION VALVE, 
NORMALLY OPEN 


SEQUENCE VALVE, 
DIRECTLY OPERATED, 
EXTERNALLY DRAINED 


ACCUMULATOR, GAS 
CHARGED 


PRESSURE REDUCING 
VALVE 


| COUNTER BALANCE 


VALVE WITH INTEGRAL 
CHECK 


FILTER OR STRAINER 


COOLER 
TEMPERATURE CONTROLLER 
INTENSIFIER 


PRESSURE SWITCH 
BASIC VALVE SYMBOLS 


CHECK VALVE Босоо 


MANUAL SHUT OFF 
VALVE 


BASIC VALVE 
ENVELOPE 


VALVE, SINGLE FLOW 
PATH, NORMALLY CLOSED = 


TEMPERATURE AND 
PRESSURE COMPENSATED 
FLOW CONTROL WITH 

INTEGRAL CHECK 


DIRECTIONAL VALVE, 
TWO POSITION, THREE 
CONNECTION 


ШИН 


DIRECTIONAL VALVE, 
THREE POSITION, FOUR 
| CONNECTION 


VALVE, INFINITE 
POSITIONING (INDICATED 
BY HORIZONTAL BARS) 


(Vickers Industrial Division) 


337 


Acknowledgments 


The author wishes ta express his appreciation ta 
calleagues in the Division af Technology: Dr. Lavis J. 
Pardini, Marshall R. Minter, Russell G. Biekert and 
Danal L. Hay; and ta John L. Petersan, Superintendent, 
Southwest Indian Polytechnic Institute, Albuquerque, 
New Mexico. 


He would alsa like ta recagnize the following in- 
dustries wha have contributed ta this text: 


Aerojet-General Corparotian, El Monte, Calif. 
AiReseorch Manufacturing Campany, Phaenix, Ariz. 
Albino Engine and Machine Warks, Portland, Ore. 
Allis-Cholmers, Milwaukee, Wis. 

Americon Machine & Foundry Company, Richmond, Va. 
Americon Saciety af Mechanicol Engineers, New York, N.Y. 
American Standard, Inc., Buffalo, N. Y. 

American Welding Saciety, New Yark, N. Y. 

Atlas Press Co., Kolamazaa, Mich. 

Beech Aircraft Corparation, Wichita, Kon. 

Bell Aerosystems Company, Buffalo, N. Y. 
Bellows-Valvair, Akron, Ohia 

The Baeing Campony, Seattle, Washington 

Brown 4 Sharpe Mfg. Са., North Kingstown, R. 1. 
Copital Mochine Tool, Phaenix, Ariz. 

Caterpillar Troctor Ca., Peoria, Ill. 

Cessna Aircraft Company, Wichita, Kan. 

Chrysler Corporatian, Detroit, Mich. 

The Cincinnoti Milling Machine Co., Cincinnati, Ohio 
Clark Equipment Campany, Bottle Creek, Mich. 
Carning Glass Works, Corning, N. Y. 

Crescent Toal Ca., Jamestawn, N. Y. 

Fairchild Hiller, Germantown, Md. 

The Firestane Tire & Rubber Company, Akron, Ohio 
G A F Carparation, La Habra, Calif. 

General Dynamics, Fort Worth, Texas 

General Motors Engineering Staff, Warren, Mich. 
Gleason Warks, Rachester, N. Y. 

Goodyear Aeraspace, Litchfield Park, Ariz. 
Halstead & Mitchell Co., Zelienaple, Pa. 

Hamiltan Monufocturing Campany, Two Rivers, Wis. 
Hamilton Watch Company, Lancaster, Pa. 
Harley-Davidsan Motor Ca., Milwaukee, Wis. 

Heald Carp., Worcester, Mass. 

Hewlett-Packard, Polo Alta, Calif. 

Habbs Manufacturing Campony, Worcester, Mass. 
Honeywell.Inc., Minneapalis, Minn. 


Hughes Aircraft Company, Los Angeles, Colif. 

Lennax Industries Inc., Marshalltown, la. 

Lincoln Electric Campany, Cleveland, Ohia 

Lockheed Aircraft Corporotion, Burbank, Calif. 
Manitawoc Engineering Co., Monitowoc, Wis. 

Martin Marietta Corporation, Denver, Colo. 

McDannell Dauglas, St. Lavis, Ma. 

Meod Fluid Dynamics, Chicago, Ill. 

Minnesoto Mining and Manufacturing Ca., St. Paul, Minn. 
Ма пе Tool Campany, Maline, IIl. 

Matorola Inc., Semicanductor Products Div., Phoenix, Ariz. 
The National Cash Register Company, Dayton, Ohio 
Natianal Fluid Power Associatian, Thiensville, Wis. 
Natianal Lock Hardware, Rockford, II. 

North American Rockwell, El Segundo, Calif. 

Narton Campany, Warcester, Mass. 

Oliver Machinery Ca., Grand Rapids, Mich. 

Outboard Marine Corporotian, Waukegan, ЇЇ. 

Pacific Valves, Inc., Long Beach, Calif. 

The Perkin-Elmer Carporation, Narwalk, Conn. 
Frederick Past, Los Angeles, Calif. 

Pratt & Whitney Aircraft, East Hortford, Conn. 

Pratt & Whitney Inc., Machine Tool Div.,West Hartford, Conn. 
Precision Praducts Inc., Phoenix, Ariz. 

Rheem Manvfacturing Company, Linden, N. J. 

Rackwell Manufacturing Compony, Pittsburg, Pa. 

Ross Heat Exchanger Divisian, Buffala, N. Y. 

Ryan Aeronautical Company, San Diego, Colif. 

Schwinn Bicycle Campany, Chicoga, 111. 

Sheldon Machine Co., Inc., Chicaga, 111. 

Skil Corporatian, Chicaga, ІІІ. 

South Bend Lathe, South Bend, Ind. 

Sperry Flight Systems Division, Phaenix, Ariz. 
Stainless Steel Praducts, Burbank, Colif. 

The L. S. Starrett Campany, Athol, Mass. 

Sterling Instrument Div., Designatranics Inc., Mineala,N.Y. 
Stewart-Warner Carparation, Chicago, lll. 

Sunnen Products Company, St. Louis, Ma. 

Talley Industries, Inc., Mesa, Ariz. 

The Trane Co., La Crasse, Wis. 

Unidynamics Phaenix, Inc., Phoenix, Ariz. 

United Aircraft, East Hartford, Conn. 

Vickers Industrial Divisian, Tray, Mich. 

Western Electric, New York, N. Y. 

Western Gear Corp., Precision Praducts Div.,Lynwood,Cal. 
Westinghouse Air Brake Company, Pittsburg, Pa. 

Wilton Carporatian, Schiller Park, 111. 


338 


А 
Abbreviations, 322 
Absolute programming system, 183 
Actual size, 80 
Aids to freehand sketching, 24 
Aligned dimensions, 46 
Aligned section, 89 
Allowance, 80 
Alphabet of Lines, 14 
AND gate, 224, 225 
Angular dimensions, 82 
Angular perspective, 106 
Application block, 114 
Architect's scale, 73 
Arrowless dimensions, 83 
Assembly Drawings, 53 
Auxiliary section, 90 
Auxiliary Views, 49, 50 

B 
Back Pressure Switch, 226 
Basic dimension, 157, 158 
Basic size, 80 
Bevel gears, 171 
Bilateral tolerance, 81 
Bill of materials, 118 
Blueprint Control Block, 131 
Blueprint, definition, 7 
Blueprint reading procedures, 14 
Broaching, 147 
Broken-out section, 90 

C 
Cabinet oblique, 103 
Calculations for precision sheet metal 

blueprints, 196 
Callouts for machining processes, 146 
Care of blueprints, 8 
Cavalier oblique, 102 
Change block, 132 
Circuit diagrams, supplementary 
information, 214 

Code identification number, 113 
Combination diagrams, 213 
Common fractions, 62 


Index 


Control diagrams, 213 
Counterbored holes, 147 
Countersinking, 147 

Cutaway diagrams, 213 
Cylindrical tolerance zone, 159 

D 

Dash numbers, 112, 114 
Datums, 81, 157, 158 

Decimal and Metric Equivalents, 326 
Decimal fractions, 68 

Decimal rule, 12 

Design size, 80 

Detail Drawings, 53 

Detailed thread representation, 138 
Diagram assembly drawing, 56 
Digital Amplifier, 225 
Dimension lines, 46 
Dimensioning 

Dual, 236 

Freehand Sketches, 44, 46 
isometric, 101 

metric, 236 

oblique, 103 

symbols, 158 

Dimensions, 79, 82 

of welds, 205 

types, 82 

Drafting procedures, 14 
Drafting scales, 73 

Drafter's scale, 72 

Drawing 

Change Notice, 131, 132 
change system, 130 

Deviation, 132 

notes, 124 

number, 112 

title, 113 

Drill size decimal equivalents, 327 
Drilled holes, 146 

E 

Eccentricity, 148 
Electronic symbols, 331 
Elements of welding symbols, 204 


Blueprint Reading for Industry 


Engineering Advance Information, 131 
Engineering Order, 131 
Exploded pictorial assembly drawing, 57 
Exploded pictorial drawings, 108 
F 
Feature control symbols, 159 
Finish block, 114 
Flip-Flop, 223 
Fluid power diagrams, graphic 
symbols, 214 
Fluidic control devices, 223 
Fluidic control systems, 222 
Fluidies, 222 
Fold procedure for precision sheet metal 
blueprints, 198 
Folding a blueprint, 9 
Form tolerancing, 157, 160, 162, 163 
Forming a mental picture of object, 31 
Forming letters and numerals, 44 
Fractional rule, 11 
Freehand Technical Sketching, 19 
Full section, 89 
Fundamental steps in the use of common 
fractions, 63 
G 
Gear formulae, 171 
Gears, 168 
General notes, 124 
Geometric symbols for dimensioning 
and tolerancing, 158, 332 
Geometric tolerancing, 157 
Glass box showing orthographic 
projection, 33 
Glossary, 316 
Graphic diagram, reading, 214 
Graphic diagrams, 213 
Graphic symbols, 336, 337 
Graphic symbols for fluid power 
diagrams, 214 
Guide lines for lettering, 45 
H 
Half section, 89 
Heat treatment block, 114 
Height of letters, numerals, and 
fractions, 45 
How to read a micrometer, 76, 78D 
How to read a 25-division 
Vernier scale, 78 
How to Read the Steel Rule, 11 
| 
Inclined Gothic lettering, 45 
Incremental programming system, 183 
Inhibited OR gate, 224 
Installation assembly drawing, 57 
Instrumentation diagrams, 213 


Interpretation of blueprint, 8 
Interpreting an N/C program, 184 
Isometric dimensioning, 101 
Isometric drawing, 98 

Isometric sketch, 99 


K 
Keys, 147, 148 
Keyseats, 148 
Keyways, 148 

L 


Layouts for precision sheet metal 
blueprints, 196 
Lettering Freehand Sketches, 44 
Lettering, style, 44 
Limits, 80 
Linear dimensions, 82 
Line identification in orthographic 
projection, 34 
Lines, Alphabet of, 14, 15, 16, 17 
List of Materials, 118 
Local notes, 124 
Location dimensions, 46 
Location of welds, 204 
M 

Machine setup sheet, 183, 187, 194 
Machining processes, specifications 
and callouts, 146 
Machining specifications, 138 
Materials list, 118 
Mathematics review, 62 
Maximum Material Condition, 157, 158 
Measurement Tools, 72 
Mechanical engineer's scale, 73 
Metric 

conversion tables, 326, 327 
micrometer, 78D 

rule, 13 

scale measurement, 78C 

scales, 78B 

screw threads, 329 

units used on Industrial Blueprints, 78B 
Micrometer, inch, 76 

Micrometer, metric, 78D 
Micrometer with parts identified, 76 


Nominal size, 79 
Note types, 124 
Numerical control coordinates, 184 
Numerical control documents, 182 
N/C Production blueprints, 182 

О 
Oblique dimensioning, 103 
Oblique drawing, 102 
Offset section, 89 
One-Shot, 225, 226 
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Index 


OR/NOR gate, 223 Schematic thread representation, 138 
Orthographic projection drawings, 31 Screw thread forms, 138 
Orthographic projection, point, line Section types, 89 
and surface identification, 34 Sectional Views, 88 
P Security classifications, 114 
Parallel perspective, 105 Sequence of operations, 214 
Parts list, 118 Serrations, 168, 173 
Pencil points for sketching, 19 Set-back charts, 197 
Perspective drawing, 105 Sheet metal and wire gage 
Pictorial diagrams, 213 designations, 330 
Pictorial drawings, 98 Sheet metal blueprints, 196 
Pipe thread forms, 140 Sheet number, 113 
Pipe thread representation and Shop mathematics, 62 
specification, 140 Signature block, 113 
Point identification in orthographic Simplified thread representation, 138 
projection, 34 Single-point perspective, 105 
Position and Form Tolerance Size dimensions, 46 
Symbols, 332 Size of drawing, 113 
Positional tolerancing, 157, 159, 161 Sketching 
Precision Sheet Metal Blueprints, 196 aids, 24 
Precision sheet metal, fold procedure, 198 angular or two-point perspective, 106 
Principle of scale measurements, 72 geometric shapes, 19 
Print making machine, 7 isometric ares and circles, 100, 101 
Profile tolerance, 157 lines and angles, 19 
Program manuscript printout, 183 oblique circles and arcs, 103 
Program manuscript parallel or single-point perspective, 105 
sheet, 182, 186, 190, 192 perspective circles and arcs, 108 
Projecting auxiliary views, 50 steps in, 24 
Projection of orthographic views, 32 techniques, 19 
Projection of views, 31 Slot tolerance zone, 160 
Proportion in sketching, 23 Solenoid chart, 214 
R Spacing of letters, words, and 
Reading sentences, 45 
a blueprint, 8 Specification of screw threads, 140 
blueprints in specialized areas, 182 Specifications for machining 
drafting scale, 73 processes, 146 
graphic diagram, 214 Splines, 168, 173 
micrometer, 76, 78D Spot facing, 147 
Numerical Control Documents, 182 Spur gear representation and 
precision sheet metal blueprints, 199 specification, 170 
Vernier scale, 78 Spur gears, 168 
Reamed holes, 146 Steel rule, 11 


Reference dimensions, 82 Sub-assembly drawing, 54, 56 


Reference point system, 183 Surface identification in 
Regardless of Feature Size, 157, 158 orthographic projection, 34 
Removed section, 91 Surface texture symbol, 150 


Review of Shop Mathematics, 62 Symbols, 
Revisions, 132 architectural, 328, 329 
Revolved section, 90 dimensioning, 158 


Roughness Height Values, 150 electrical/electronic, 330, 331 
Rule, how to read, 11 materials in section, 329 


S standard, 326 
standard graphic, 336, 337 
tolerancing, 158 


Scale measurements, 72 

Scale of drawing, 113 : 

Schedule of parts, 118 welding, 334 
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Blueprint Reading for Industry 


Tables, 326 
Tabular dimensions, 82 


Terms used in fluidic control systems, 222 


Terms used in instrumentation and 
control work, 213 
Thin sections, 91 
Thread representation, 138 
Thread specification, 138, 328, 329 
Title block elements, 112 
Tolerance block, 114 
Tolerances, 79, 80 
of position and form, 157, 161, 162, 163 
Tolerancing symbols, 158 
Total Indicator Reading, 148 
True position, 157, 158, 159 
Truth table, 223, 224, 225 
Two-point perspective, 106 
Type 2 surface texture 
specifications, 151 
U 
Understanding Orthographic Projection 
Drawings, 31 


Understanding views of blueprint, 8, 9 
Unidirectional dimensions, 46 
Unilateral tolerance, 81 

Unit method of proportioning, 23 


V 
Vernier scale, 78 
Vertical Gothic lettering, 44 
Visualization of blueprint, 8 
Visualization of objects, 34 
Visualization rules, 35 


үү 
Weight block, 113 
Weld symbols, 204, 205 
Welding blueprints, 204 
Welding symbol, 204, 334, 335 
Wire gage designations, 330 
Working assembly drawing, 55, 56 
Working drawings, 53 
Worm gears, 172 

Z 
Zero set points, 183 m 
Zoning, 114 
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